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Executive Summary

Overview

This report provides an assessment of combined heat and power (CHP) systems in the state of
Cdifornia. The detailed report describes the technologies, gpplications, existing utilization and
benefits of CHP. These data and the emerging economics of restructured energy markets are
then used as the basis for developing an evauation of the technica market potentia for CHP in
Cdiforniaand scenarios for future market penetration.

For the average power plant, over two-thirds of the energy content of the input fuel is wasted in
the form of heat. As an dterndive, an end-user can generate both its therma and eectrica
energy needs in a sngle combined heat and power (CHP) system located at or near the facility.
CHP, dso cdled cogenerdtion, can sgnificantly increase the efficiency of energy utilization,
reduce emissons of criteria pollutants and CO,, and lower operating cods for indudtrid,
commercid and inditutiona users. Figure ES1 compares a CHP system providing 80 units of
useful therma and dectric energy in a single process with just 20 units of losses with separate
production of heat and electricity that produces 83 units wasted energy.

Figure ES-1 CHP versus Separate Power Generation and Heat Production
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In addition to more efficient use of energy, CHP offers additiona benefits of lower costs to meet
energy needs, lower overdl emissions, and ancillary benefits to both customers and utilities.

U Cdifornia companies currently have average commerciad and industrid eectricity rates that
are higher than 80 to 90% of al customers in the U.S. -- $0.097/kWh for commercid
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users and $0.063/kWh for industrids. The net cost of power production from a CHP
system can be congderably below these retall rates, providing an economic surplus that will
enhance productivity and economic growth in the date.

U CHP technologies can sgnificantly reduce emissons of both pollutants such as NOx and
S0O2 and gases that contribute to globa warming such as CO2.

U CHP offers a customer enhanced reiability, operationa and load management flexibility
(when aso connected to the grid), ability to arbitrage eectric and gas prices, and energy
management, including peek shaving and possibilities for enhanced therma energy storage.

O In arestructured eectric industry, CHP and other distributed generation options can offer
grid support to the didribution utility. They dso give energy service providers (ESPs) or
usersthe ability to offer ancillary services to the system, including:

* Voltage and frequency support to enhance reliability and power qudity;
* Avoidance or deferrd of high cogt, long lead time T& D upgrades,

* Bulk power risk managemen;

* Reduced line losses, reactive power control;

* Outage cost savings,

* Reduced centra station generating reserve requirements,

* Transmission capacity release.

From the early days of dectricity production, certain energy intendve industries such as pulp
and paper mills, chemica plants and ail refineries generated their own steam and power onsite
with large CHP systems. CHP was generdly confined to these large-scale industrid processes
until the Public Utilities Regulatory policy Act of 1978 (PURPA). PURPA made it mandatory
for eectric utilities to interconnect with dl qudifying CHP and small renewable power facilities,
to purchase power from these facilities a their avoided costs, and to provide supplementary and
backup power on a nondiscriminatory bass. During the decade immediately following the
passage of PURPA, CHP capacity in the U.S. began growing at an annud rate to 6.3%.
During the nineties, average growth has remained over 5%, but that is mosily due to a large
number of ingdlations early in the decade. Growth has tailed off considerably in the last few
years.

Growth of CHP in Cdiforniawas dramatically increased by PURPA. Before its passage, there
were only 9 cogeneration units operating in the state. Over the next ten years, more than 380
additiona cogeneration plants were built. The decade from 1988 to 1997 added over 270
more units. Annual growth in cogeneration capacity went from less than 1% in the seventiesto
27% in the eighties. By the nineties, the rate had dowed to just over 4%. In 1998, after nearly
Sxteen years of double-digit plant additions, only one cogeneration plant was added. The
cumulative market growth for CHP in the U.S. and in Cdliforniaare shown in Figure ES2.
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Currently, there are close to 50,000 MW of CHP capacity nationwide and nearly 6,500 MW in
Cdifornia.

Figure ES-2. Operating CHP by Year of Initid Operation
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The observed CHP market decline in Cdifornia can be attributed to a variety of factors, most
notably a structural conflict of interests between the CHP devel opers and customers on one side
and the regulated utility indusiry on the other Sde. Cogt-of-service regulation of dectric utilities
that based ther profit on the sze of ther facilities investment made them both vulnerable to
competition due to over-investment and at the same time resstant to any competitive power
investments on the part of their customers. This utility resstance led to impostion of market
barriers to CHP invesment. Developers faced complicated and costly interconnect
requirements, expensive rates for back-up power, and the steady lowering of the PURPA
mandated avoided cogts offered for CHP generated power. One of the biggest barriers to
continued CHP market development was the discriminatory utility practice of offering specid
low rates to customers that begin to develop (or thresten to develop) CHP systems. At the
same time, rigorous efforts to reduce air pollution led to policies that made it dl but impossible
to ste new CHP systems even though such systems could arguably have a net reduction in the
combined emissions of generating heat and power through separate processes.

The mativation for this current sudy of CHP opportunitiesin Cdiforniais to reeva uate the
economics, benefits, and market potentia in the restructured competitive market for power.

ES-1 Combined Heat and Power Technologies

CHP systems are complex integrated systems that consist of anumber of individual components
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from fud trestment, combustion, mechanica energy, eectric energy, dectricity conditioning,
heet recovery, and heat rejection syssems. However, they are typicdly identified by the prime-
mover that drivesthe overal system. Severd different technologies are used for CHP.

Reciprocating engines are among the most widely used and most efficient prime movers used
in CHP systems. Electric efficiencies of 25%-50% make reciprocating engines an economic
CHP option in many gpplications. The two most common types of reciprocating engines spark-
ignited engines usudly fired with naturd gas (Otto cycle) and compresson-ignited (diesdl cycle)
engines fired with diesdl fud, heavy ail, or a combination of oil and gas. These engines can
range in size from afew kilowatts to very large engines with capacities of severd megawatts.

Steam turbines are one of the most versdtile and oldest prime mover technologies used to
drive a generator or mechanica machinery. Steam turbines are widdy used for CHP
goplications in the U.S. and Europe where specid designs have been developed to maximize
efficient steam utilization. A steam turbine is captive to a separate heat source and does not
directly convert a fud source to eectric energy. Steam turbines require a source of high
pressure steam that is produced in a boiler or heat recovery steam generator (HRSG). Boiler
fuds can include fossl fuels such as cod, oil and naturd gas or renewable fuels like wood or
municipa waste.

Combustion turbines (CT) use the expanson of hot combustion gases rather than steam to
drive the rotating power turbine section. CTs drive an integra front end intake air compressor
and fud combustion section that hests the compressed air to high temperatures to drive the
power turbine. CTs are derived from jet engines used in planes. Continuous technical
innovation has made them a very compact and efficient prime mover for power generation. The
most common fud source for power generation in this country is naturd gas, though a broad
range of gaseous and liquid fuels can aso be burned. CT's represented only 20% of the power
generation market twenty years ago; they now clam gpproximatey 40% of new capacity
additions. CTsare economic for CHP in szesfrom 5 MW to severd hundred MW.

Combined cycle plants are combustion turbines that use the heat energy contained in the
exhaugt to produce steam that in turn is used to drive a separate steam turbine. Combined cycle
plants usudly are over 100 MW but systems as smdl as 8 MW are avallable commercidly.
Combined cycle systems have dectricad generation efficiencies gpproaching 60% in the largest
sysems

Microturbines are exactly, as their name implies, very smdl combustion turbines szed from 30
to 250 kW. Microturbines more closdly resemble automobile and truck turbochargers than the
much larger, complex, multigage CTs. Mo, though not dl, microturbines operate a very high
speed (70,000 to 100,000 rpm) that drive a high speed generator directly. This high frequency
power must then be rectified and inverted to 60 Hz using complex power eectronics gear.
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Severd companies are developing microturbine systems that will be commercidized in the next
few years.

Fuel cells are a class of technologies that convert a chemica fud directly into dectricity in a
manner andogous to a chemica storage battery except the chemica input is not stored asin a
battery but fed continuoudy into the cell. The chemicd input to the cdl is in the form of
hydrogen and oxygen. Severd types of fuds can be used as the hydrogen source for these
systems through a process called reforming. Fud cells are an emerging technology. There has
been a limited commercid introduction of fud cdls for CHP and severd additiond fue cdll
technologies are in devdopment. Fud cdls are inherently efficient and clean, but cost
engineering is needed to bring current costs down to a competitive range.

Figure ES3 and E4 show the breakdown of the 668 operating CHP systems in Cdlifornia by
primary technology. CHP systems generdly consst of a heat engine (prime-mover) driving an
electric generator that usudly though not dways connected with the eectric digtribution system
and ameans of heat recovery that istied into a customer’stherma processes.

Figure ES-3. Existing CHP, Number of Sites by Technology
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Figure ES-4. Existing CHP, MW Capacity by Technology
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Table ES-1 summarizes selected design and performance features for these CHP technologies.

Table ES-1. Comparison of CHP Technologies

Diesel Natural Gas Steam GasTurbine Micro- Fuel Cells
Engine Engine Turbine turbine
Electric 30-50% 25-45% 30-42% 25-40% 20-30% 40-70%
Efficiency (simple)40-60%
(LHV) (combined)
Footprint 0.22 0.22-0.31 <0.1 0.02-0.61 0.15-1.5 0.6-4
(sgft/kW)
CHP instaled 800-1500 800-1500 800-1000 700-900 500-1300 >3000
cost ($/kw)
O&M Cost | 0.005-0.008 0.007-0.015 0.004 0.002-0.008 0.002-0.01 0.003-0.015
($'kwh)
Fuels diesel and natural gas, dl natural gas, natural gas, hydrogen,
residua ail biogas, biogas, propane, biogas, natural gas,
propane distillate oil propane, propane
distillate oil
NO, Emissions 3-33 2.2-28 18 0.3-4 0.4-2.2 <0.02
(Ib/MWh)
CHP Output 3,400 1,000-5,000 na 3,400-12,000 4,000-15,000 500-3,700
(Btu/kwh)
Useable Temp 180-900 300-500 n‘a 500-1,100 400-650 140-700
for CHP (F)

ES-2 Market Potential

CHP is best gpplied at facilities that have sgnificant and concurrent dectric and thermd
demands. In the industrid sector, CHP thermd output has traditiondly been in the form of
steam used for process and for pace heating. For commercid and indtitutional users, therma
output has traditionaly been steam or hot water used for space heating and potable water
heeting. The methodology employed to develop estimates for the technica potentid for CHPin
Cdiforniaconssted of the following steps.

Identify target applications (by SIC) that can support CHP based on their thermd and
electric loads and profiles using a combination of proprietary and CEC databases

Identify the number of establishmentsin Cdiforniafor each of these SICs

Develop sze profiles for the SICs of interest (i.e., number of establishments by employee
Sze categories

Egtimate average dectric and thermd loads for the SICs of interest in each Size category
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Estimate CHP potentid for each SIC and size category based on number of establishments
in each category and applicable eectric and therma loads, and then subtract out existing
CHP capacity

Table ES-2 summarizes the results of the gpplication matching for both the industria and the
commercid and inditutiond sectors by sSze category. A totd of 12,108 MW of remaining CHP
potential was identified for Cdifornia roughly evenly split between the industrid and commercid
sectors.

Table ES-2. Remaining Potential for CHP in the Commercial and
Industrial Sectors

Summary of Remaining CHP Potentid
Commercid Industrid Total

Sites MW Sites MW Sites MW
50-250 kW 23,559 2,105 na nal| 23559 2,105
250-1,000 kW 2,638 1,438 1,280 648 3,918 2,086
1-5 MW 534 993 582 1,184 1,116 2,177
5-20 MW 69 446 104 1,055 173 1,501
>20 MW 15 619 51 3,620 66 4,240
Total 26,815 5,602 2,017 6,506 28,832 12,108

In the industrial sector, the gpplications are concentrated in the petroleum, food processing, pulp
and paper, and wood processing industries.  In the commercia sector, the applications are
concentrated in education, restaurants, hotels and lodging, and gpartment buildings.

ES-3 Market Assessment

This section provides an assessment of potentid CHP market penetration scenarios for
Cdifornia  The market penetration estimates are based on the technology cost and
performance parameters, the tota market potentia for CHP, the economic competitiveness of
CHP in different Sze and load gpplications, the historical market penetration for CHP by sze
and gpplication, and an evauation of the impacts of emerging technology and market trends.

Electricity Price Trends

The mogt sgnificant variable determining future CHP market penetration rates is the expected
future retail eectricity price. The CEC dectricity price forecast is shown in Figure ES-5 adong
with the higtorica data in inflation adjusted red dollars. Electricity rates have been dedlining in
red terms for both commercia and industrid customers since the early 1980's. A sharp dropin
rates is forecast when the Compstitive Trangtion Charge (CTC) for generation assets expires at
the end of 2001 or shortly thereafter. Thisdrop is then followed by aforecast of very stable but
dightly declining redl rates through the end of the forecast period in 2017. The CEC forecast
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shows the average red commercia rate after restructuring at $0.0615/kWh and the average
indugtrid rate at $0.0477 /kWh, sgnificantly lower than the commercid and industrid rates in
1997 ($0.1021 and $0.0711 ¢/kWh.) The prevailing rates against which CHP must compete
over the forecast period will be much lower than they are now and less than haf what they were
during the peak years of CHP market expansion.

Figure ES5. Historical and Forecast Commercial and Industrial
Electric Pricesin California (real ¢/kwh)
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Market Penetration Cases

We sdected a number of technology and gpplication profiles that match the various sze
categories of technicd CHP market potentid from small microturbine and packaged engine
systems to large gas turbines. The systems were al designed to operate base-load with the
utility providing supplementary and backup power. Utilization of the therma energy ranged
from 60% in the smdler commercia applications to 90% for the largest industria Sites.

A base case was developed usng commercia product specifications and a continuation of
observed historical CHP penetration rates as a function of competing fuel and electric prices. A
high penetration case was aso developed based on near-term technology improvements,
sreamlined project implementation, CHP encouraging initiatives, and a higher marketing effort
by energy service providers. Figure ES-6 compares the net cost of dectricity from typica
CHP systems for both cases. The smal engine and microturbine technologies are assumed to
have an economic life of 10 years; al the rest are assumed to have an economic life of 15 years.
The heat recovered replaces that produced by an 80% efficient gas-fired boiler. The gas cost
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for the andysis was assumed to be $2.50/mmBtu, representative of the average Cdifornia
Utility Electric Generation rate.

Figure ES6. Example Net Power Cost Levels for CHP Technologies for the
Base and High Cases
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In the base case forecadt, the future CHP penetration is expected to continue at a declining level
over time based on the average penetration rates experienced during the 1991-1996 period
after the end of the initid market boom period for a total incremental penetration of CHP of
4000 MW. Over 90% of this penetration will be in the largest industrid size category of 20
MW and above resulting in a market saturation of 59% of the remaining potentid in this size
range.

In the base forecast, penetration of smaler packaged cogeneration systems less than one
megawett will continue to be an extremely smal percentage of totd unrealized potentiad—less
than 1% of total potentid stes. It should be emphasized that the base-case forecast depends on
the penetration of CHP at historica and forecast energy prices and does not take into account
the aggressve market plans of energy service providers that plan to offer packaged
microturbines or fud cdls a an attractive price to smdl customers. The economics of the
largest CHP systems will continue to be atractive. Penetration rates within this sector are
forecast to equa two-thirds of the available, unredized potentidl.

In the high penetration case, improvement to CHP package cost and performance, dl ese being
equal, would raise cumulative CHP penetration over the forecast period from 4000 to 4575
MW—an increase of 14%. Adding the impacts of the various CHP initiatives to the improved
technology would increase cumulative market penetration to 6143 MW—a total improvement
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compared to the base case of 53%. Findly, adding in the impacts of increased marketing effort
and higher customer response rates provides for a cumulative CHP market penetration of 8,889
MW—a 222% increase compared to the base case. In the high case scenario, market
saturation for CHP systems <1-MW in size would increase from less than 1% to more than
30%. This increase represents dmost 5000 smal systems with a combined capacity of 959
MW. Improvementsin the middle range systems of 1-20 MW is dso subgtantia, growing from
277 MW of cumulative penetration in the Base Case to 2113 MW in the High Case.

Table ES-3 shows the cumulative penetration in both capacity added and number of projects
and the cumulative pendration of the remaining potentid. The cumulative penetration is
cdculated on the bass of capacity in megawaetts, and the current potentid caculated in the
previous section of the report is assumed to increase during the forecast period at 2% per year.

Table ES-3. High Case Cumulative Additions in Capacity and Projects
and Percent Saturation of Total Remaining Available Market

CHP Category Cumulaive Cumulaive % of Tota
by Sze Penetrationin  Penetration in Market
MW Units Penetrated
Base Case
50-250 kW 0.8 8 0.03%
250-1000 kwW 1.7 14 0.25%
1-5 MW 32.7 14 1.01%
5-20 MW 243.5 27 10.92%
>20 MW 3724.7 45 59.12%
Tota 4009.4 108 22.28%
High Market Scenario
50-250 kW 389.9 3904 12.46%
250-1000 kwW 568.9 1031 18.36%
1-5 MW 793.7 331 24.54%
5-20 MW 1319.7 148 59.18%
>20 MW 5816.5 75 92.33%
Tota 8888.7 5490 49.40%

The base case estimate for CHP penetration will provide the following benefits to Cdifornia

O 30 billion kwh of additional CHP production in the base case
O $1.6 billion in gross user benefits

0 Reduced CO2 emissons of 11 million tonglyear.

U Reduced customer outage cogts of $168 million/year

The high case benefits are 2.2 times larger than the base case benefits due to the higher
penetration levels.
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1.0 Combined Heat and Power Technologies

I ntroduction

Combined heat and power (CHP) technologies produce eectricity or mechanica power and
recover waste heat for process use. Conventiona centraized power systems average less than
33% ddivered efficiency for dectricity in the U.S.;; CHP systems can ddiver energy with
efficiencies exceading 90%", while significantly reducing emissons per delivered MWh. CHP
systems can provide cost savings for industria and commercia users and subgtantid emissons
reductions for the State of Cdifornia Section 1 of this report describes the leading CHP
technologies, their efficiency, size, codt to ingdl and maintain, fuds and emission characteritics.

The technologies included in this report include diesd engines, naturd gas engines, seam
turbines, gas turbines, micro-turbines and fud cdls. Most CHP technologies are commercialy
available for on-gte generation and combined heat and power applications. Severd barriers
(see Section 2, Maket Potentid), including utility interconnection costs and issues,
environmenta regulations and technology costs have kept these technologies from gaining wider
acceptance. Many of the technologies are undergoing incremental improvements to decrease
cods and emissons while increasing efficiency. The business environment is witnessing dramatic
changes with utility restructuring and increased customer choice. As a result of these changes,
CHP is gaining wider acceptance in the market (see Section 3).

Sdecting a CHP technology for a specific application depends on many factors, including the
amount of power needed, the duty cycle, space congraints, thermal needs, emisson regulations,
fud avalability, utility prices and interconnection issues. Table 1 summarizes the characteristics
of each CHP technology. The table shows that CHP covers a wide capacity range from 25
KW micro-turbines to 250 MW gas turbines. Estimated costs per ingtaled kW range from
$500-$1000/kW for dl the technologies except fud cdlls.

1 T. Casten, CHP — Policy Implications for Climate Change and Electric Deregulation, May 1998, p2.
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Table 1-1. Comparison of CHP Technologies

Diesel Natural Steam Gas Turbine Micro- Fuel Cells
Engine Gas Turbine turbine
Engine
Electric 30-50% 25-45% 30-42% 25-40% 20-30% 40-70%
Efficiency (simple)40-
(LHV) 60%
(combined)
Size (MW) 0.05-5 0.05-5 Any 3-200 0.025-0.25 0.2-2
Footprint 0.22 0.22-0.31 <0.1 0.02-0.61 0.15-1.5 0.6-4
(sqft/kw)
CHP installed 800-1500 800-1500 800-1000 700-900 500-1300 >3000
cost ($/kW)
Oo&Mm Cost [ 0.005-0.008 | 0.007-0.015 0.004 0.002-0.008 0.002-0.01 0.003-0.015
($/kwWh)
Availability 90-95% 92-97% Near 100% 90-98% 90-98% >95%
Hours 25,000- 24,000- >50,000 30,000-50,000 | 5,000-40,000 10,000-
between 30,000 60,000 40,000
overhauls
Start-up Time 10 sec 10 sec 1 hr-1 day 10 min -1 hr 60 sec 3 hrs-2 days
Fuel pressure <5 1-45 n/a 120-500 (may 40-100 (may 0.5-45
(psi) require require
compressor) compressor)
Fuels diesel and natural gas, all natural gas, natural gas, hydrogen,
residual oil biogas, biogas, biogas, natural gas,
propane propane, propane, propane
distillate oil distillate oil
Noise moderate to | moderate to | moderate to moderate moderate low (no
high high high (enclosure (enclosure enclosure
(requires (requires (requires supplied with supplied with required)
building building building unit) unit)
enclosure) enclosure) enclosure)
NOy 3-33 2.2-28 1.8 0.3-4 0.4-2.2 <0.02
Emissions(lb/
MWh)
Uses for Heat hot water, hot water, LP-HP direct heat, hot direct heat, hot water,
Recovery LP steam, LP steam, steam, water, LP-HP hot water, LP LP-HP
district district district steam, district steam steam
heating heating heating heating
CHP  Output 3,400 1,000-5,000 n/a 3,400-12,000 | 4,000-15,000 500-3,700
(Btu/kwh)
Useable Temp 180-900 300-500 n/a 500-1,100 400-650 140-700
for CHP (F)
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1.1 Reciprocating Engines

I ntroduction

Among the most widdy used and mogt efficient prime movers are reciprocating (or internd
combustion) engines. Electric efficiencies of 25-50% make reciprocating engines an economic
CHP option in many gpplications. Severd types of reciprocating engines are commercidly
available, however, two designs are of most significance to sationary power gpplications and
include four cycle- spark-ignited (Otto cycle) and compression-ignited (diesd cycle) engines.
They can rangein size from smdl fractiond portable gasoline engines to large 50,000 HP diesdls
for ship propulsion. In addition to CHP applications, diesel engines are widely used to provide
gandby or emergency power to hospitals, and commercia and industrid facilities for critica
power requirements.

Technology Description

The essentid mechanica parts of Otto-cycle and diesdl engines are the same. Both use a
cylindricd combustion chamber in which a close fitting piston travels the length of the cylinder.

The piston is connected to a crankshaft which transforms the linear motion of the piston within

the cylinder into the rotary motion of the crankshaft. Most engines have multiple cylinders that

power a single crankshaft. Both Otto-cycle and diesdl four stroke engines complete a power

cycein four strokes of the piston within the cylinder. Strokes include: 1) introduction of ar (or

ar-fue mixture) into the cylinder, 2) compression with combustion of fud, 3) acceleration of the

piston by the force of combustion (power stroke) and 4) expulsion of combustion products
from the cylinder.

The primary difference between Otto and diesd cycles is the method of fud combustion. An
Otto cycle uses a spark plug to ignite a pre-mixed fuel-air mixture introduced to the cylinder. A
diesdl engine compresses the air introduced in the cylinder to a high pressure, rasing its
temperature to the ignition temperature of the fuel which isinjected at high pressure.

A vaiation of the diesd is the dud fud engine. Up to 80-90% of the diesdl fud is subdtituted
with gasoline or naturd gas while maintaining power output and achieving subgtantia emisson
reductions.

Large modern diesdl engines can attain eectric efficiencies near 50% and operate on a variety
of fudsincuding diesd fud, heavy fue ail or crude oil. Diesd engines develop higher part load
efficiencies than an Otto cycle because of leaner fud-air ratios at reduced load.

Design Characteristics

The features that have made reciprocating engines a leading prime mover for CHP include:
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Economicd sze range: Reciprocating engines are available in szes that match the
eectric demand of many end-users (inditutiond, commercid
and indugtrid).

Fast start-up: Fast start-up dlows timely resumption of the system following a
maintenance procedure. In peaking or emergency power
goplications, reciprocating engines can quickly supply dectricity

on demand.

Black-start capability: In the event of a dectric utility outage, reciprocating engines can
be started with minima auxiliary power requirements, generaly
only batteries are required.

Excdlent availability: Reciprocating engines have typicaly demondrated availability in
excess of 95%.

Good part load operation: In dectric load following gpplications, the high part load
efficiency of reciprocaing engines mantan economicd
operation.

Reiable and long life: Reciprocating engines, particularly diessl and indudtrid block
engines have provided many years of satisfactory service given
proper maintenance.

Performance Characteristics

Efficiency

Reciprocating engines have dectric efficiencies of 25-50% (LHV) and are among the most
efficient of any commercidly avalable prime mover. The smdler stoichiometric engines that
require 3-way catayst after-trestment operate at the lower end of the efficiency scale while the
larger diesd and lean burn natural gas engines operate a the higher end of the efficiency range.

Capital Cost

CHP projects using reciprocating engines are typicaly instaled between $800-$1500/kW. The
high end of this range is typicad for smal capacity projects that are sendtive to other costs
associated with congtructing a facility, such as fue supply, engine enclosures, engineering costs,
and permitting fees.

Availability

Reciprocating engines have proven performance and religbility. With proper maintenance and a
good preventative maintenance program, availability is over 95%. Improper maintenance can
have maor impacts on availability and reiability.

Maintenance
Engine maintenance is comprised of routine inspections/adjustments and periodic replacement of
engine ail, coolant and spark plugs every 500-2,000 hours. An oil andyss is an excelent
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method to determine the condition of engine wear. The time interva for overhauls is
recommended by the manufacturer but is generally between 12,000-15,000 hours of operation
for atop-end overhaul and 24,000-30,000 for amgor overhaul. A top-end overhaul entails a
cylinder head and turbo-charger rebuild. A mgor overhaul involves piston/ring replacement and
crankshaft bearings and seds. Typicd maintenance cods including an dlowance for overhauls
is0.01 - 0.015%/kWhr.

Heat Recovery

Energy in the fud is released during combustion and is converted to shaft work and heat. Shaft
work drives the generator while hedt is liberated from the engine through coolant, exhaust gas
and surface radiation. Approximately 60-70% of the total energy input is converted to heet that
can be recovered from the engine exhaust and jacket coolant, while smaler amounts are dso
avalable from the Iube oil cooler and the turbocharger's intercooler and aftercooler (if so
equipped). Steam or hot water can be generated from recovered heat that is typicaly used for
gpace hesting, reheat, domestic hot water and absorption cooling.

Hedt in the engine jacket coolant accounts for up to 30% of the energy input and is capable of
producing 200°F hot water. Some engines, such as those with high pressure or ebullient cooling
systems, can operate with water jacket temperatures up to 265°.

Engine exhaust hesat is 10-30% of the fue input energy. Exhaust temperatures of 850°-1200°F
aretypica. Only aportion of the exhaust heat can be recovered since exhaust gas temperatures
are generaly kept above condensation thresholds. Most heat recovery units are designed for a
300°-350°F exhaust outlet temperature to avoid the corrosive effects of condensation in the
exhaust piping. Exhaust heet is typically used to generate hot water to about 230°F or low-
pressure steam (15 psig).

By recovering heat in the jacket water and exhaust, gpproximately 70-80% of the fud's energy
can be effectively utilized as shown in Figure 1-1.1 for atypica spark-ignited engine.
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Figure 1-1.1 Energy Balance for a Reciprocating Engine
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Closed-Loop Hot Water Cooling Systems

The most common method of recovering engine heet is the closed-loop cooling system as
shownin Figure 1-1.2. These systems are designed to cool the engine by forced circulation of a
coolant through engine passages and an externa heat exchanger. An excess heat exchanger
transfers engine heat to a cooling tower or radiator when there is excess heat generated.
Closed-loop water cooling systems can operate at coolant temperatures between 190°-250°F.
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Figure 1-1.2. Closed-Loop Heat Recovery System
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Ebullient Cooling Systems

Ebullient cooling systems cool the engine by naturd circulation of a boiling coolant through the
engine. Thistype of cooling system is typicaly used in conjunction with exhaust heat recovery
for production of low-pressure sseam. Cooling water is introduced a the bottom of the engine
where the transferred heat begins to boil the coolant generating two-phase flow. The formation
of bubbles lowers the dengty of the coolant, causng a naturd circulaion to the top of the

engine.

The coolant at the engine outlet is maintained at saturated steam conditions and is usudly limited
to 250°F and a maximum of 15 pgg. Inlet cooling water is dso near saturation conditions and
is generdly 2°- 3°F below the outlet temperature.  The uniform temperature throughout the
coolant circuit extends engine life, contributes to improved combustion efficiencies and reduces
friction in the engine.

Emissions

The two primary methods of lowering emissons in Otto cycle engines is lean burn (combustion
control) and rich burn with a catalytic after-trestment.

Lean burn engine technology was developed during the 1980's in response to the need for
cleaner burning engines. Most lean burn engines use turbocharging to supply excess air to the
engine and produce lean fud-air raios. Lean burn engines consume 50-100% excess air
(above stoichiometric) to reduce temperatures in the combustion chamber and limit creation of
nitrogen oxides (NOy,) carbon dioxide (CO) and non-methane hydrocarbons (NMHC.) The
typica NO, emission rate for lean burn engines is between 0.5-2.0 gramg/hphr. Emisson levels
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can be reduced to less than 0.15gm/hphr with sdective catalytic reduction (SCR) where
ammonia is injected into the exhaust gas in the presence of a catalys. SCR adds a significant
cost burden to the ingalation cost and increases the O&M on the engine. This gpproach is
typicaly used on large capacity engines.

Cataytic converters are used with rich burn (i.e. stoichiometric) Otto cycles. A reducing
catayst converts NO, to N, and oxidizes some of the CO to CO,. A cataytic converter can
contain both reducing and oxidizing catadytic materia in a single bed. Electronic fud—air raio
controls are typicaly needed to hold individua emisson rates to within a very close tolerance.
Also referred to as a threeeway catalyst, hydrocarbon, NO, and CO are smultaneoudy
controlled. Typica NO, emisson rates for rich burn engines are gpproximately 9 grams/hphr.
Cataytic converters have proven to be the mogt effective after treatment of exhaust gas with
control efficiencies of 90-99%+, reducing NO, emissons to 0.15gm/hphr. A goichiometric
engine with a caadytic convertor operates with an efficiency of approximady 30%.
Maintenance cogts can increase by 25% for catalyst replacement.

Diesd engines operate & much higher air-fud ratios than Otto cycle engines. The high excess
ar (leen condition) causes rdatively low exhaust temperatures such that conventiona catalytic
converters for NOy reduction are not effective. Lean NO, cataytic converters are currently
under development. Some diesel applications employ SCR to reduce emissons.

A mgor emisson impact of a diesd engine is particulates. Particulate trgps physcaly capture
fine particulate matter generated by the combugtion of diesd fud and are typicdly 90%
effective. Some filters are coated with a catalyst that must be regenerated for proper operation
and long life. In some areas of Cdifornia, such as areas under the jurisdiction of the South
Coagt Air Qudity Management Didtrict (SCAQMD), diesd engines are very difficult to permit
for continuous operation. Some exceptions gpply for emergency generators.

Applications

Reciprocating engines are typicaly used in CHP gpplications where there is a substantia hot
water or low pressure sseam demand.  When cooling is required, the therma output of a
reciprocating engine can be used in a single-effect absorption chiller. Reciprocating engines are
available in a broad size range of approximately 50kW to 5,000kW suitable for a wide variety
of commercid, inditutiond and smal indudtrid facilities. Reciprocating engines are frequently
used in load following applications where engine power output is regulated based on the dectric
demand of the facility. Therma output varies accordingly. Therma baance is achieved through
supplemental heat sources such as boilers.

Technology Advancements

Advances in éectronics, controls and remote monitoring capability should increase the reliability
and availability of engines. Maintenance intervas are being extended through development of
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longer life spark plugs, improved ar and fud filters, synthetic lubricating oil and larger engine ol
sumps.

Reciprocating engines have been commercidly available for decades. A globd network of
manufacturers, dealers and distributors is well established.

1.2 Steam Turbhines

I ntroduction

Steam turbines are one of the most versatile and oldest prime mover technologies used to drive
a generator or mechanica machinery. Steam turbines are widdly used for CHP gpplications in
the U.S. and Europe where specid designs have been developed to maximize efficient steam
utilizetion.

Mog of the dectricity in the United States is generated by conventional steam turbine power
plants. The capacity of steam turbines can range from a fractional horsepower to more than
1,300 MW for large utility power plants.

A steam turbine is captive to a separate heat source and does not directly convert afuel source
to eectric energy. Steam turbines require a source of high pressure steam that is produced in a
boiler or heet recovery steam generator (HRSG). Boailer fuels can include fossl fuds such as
cod, oil and naturd gas or renewable fuels like wood or municipa waste.

Steam turbines offer a wide array of designs and complexity to match the desired application
and/or performance specifications.  In utility applications, maximizing efficiency of the power
plant is crucid for economic reasons. Steam turbines for utility service may have severd
pressure casings and elaborate design features. For industrid applications, steam turbines are
generdly of dangle casng design, single or multi-staged and less complicated for rdiability and
cost reasons. CHP can be adapted to both utility and industria steam turbine designs.

Technology Description

The thermodynamic cycle for the steam turbine is the Rankine cycle. The cycle is the bass for
conventiona power generating stations and consists of a heat source (boiler) that converts water
to high pressure seam. The steam flows through the turbine to produce power. The steam
exiting the turbine is condensed and returned to the boiler to repeat the process.

A geam turbine consgsts of a dationary set of blades (cdled nozzles) and a moving set of
adjacent blades (called buckets or rotor blades) ingtaled within a casing. The two sets of
blades work together such that the steam turns the shaft of the turbine and the connected load.
A steam turbine converts pressure energy into velocity energy as it passes through the blades.
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The primary type of turbine used for centra power generation is the condensing turbine. Steam
exhaudts from the turbine at sub-atmospheric pressures, maximizing the heat extracted from the
steam to produce useful work.

Steam turbines used for CHP can be classified into two main types:

The non-condensing turbine (also referred to as a back-pressure turbine) exhausts steam a a
pressure suitable for a downstream process requirement.  The term refers to turbines that
exhaust steam at atmospheric pressures and above. The discharge pressure is established by
the specific CHP application.

The extraction turbine has opening(s) in its casing for extraction of steam either for process or
feedwater heating. The extraction pressure may or may not be automaticdly regulated
depending on the turbine desgn. Regulated extraction permits more steam to flow through the
turbine to generate additiona eectricity during periods of low thermd demand by the CHP
sysem. In utility type steam turbines, there may be severd extraction points each a a different
pressure.

Design Characteristics

Custom design: Steam turbines can be designed to match CHP design pressure
and temperature requirements. The steam turbine can be
desgned to maximize eectric efficency while providing the
desired therma output.

High thermd qudity: Steam turbines are capable of operating over the broadest
avalable seam pressure range from subatmospheric to
supercritical and can be custom designed to deliver the therma
requirements of the CHP gpplication.

Fud flexibility: Steam turbines offer the best fud flexibility usng a variety of fue
sources including nuclear, cod, ail, natural gas, wood and waste
products.

Performance Characteristics

Efficiency
Modern large condensing steam turbine plants have efficiencies approaching 40-45%, however,
efficiencies of smaller industrial or backpressure turbines can range from 15-35%.
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Capital Cost

Boiler/ steam turbines ingtallation costs are between $800-$1000/kW or grester depending on
environmenta requirements. The incremental cost of adding a steam turbine to an exigting boiler
system or to a combined cycle plant is approximatel y$400-$300/kW.

Availability

A geam turbine is generdly consdered to have 99%+ availability with longer than a year
between shutdowns for maintenance and inspections. This high level of availability applies only
for the steam turbine and does not include the heat source.

Maintenance

A maintenance issue with steam turbines is solids carry over from the boiler that deposit on
turbine nozzles and degrades power output. The oil lubrication syssem must be clean and at the
correct operating temperature and level to maintain proper performance. Other items include
ingoecting auxiliaries such as lubricating-oil pumps, coolers and oil srainers and check safety
devices such as the operation of overspeed trips. Steam turbine maintenance costs are typicaly
less than $0.004 per kWh.

Heat Recovery

Hesat recovery methods from a steam turbine use exhaust or extraction steam. Hesat recovery
from a seam turbine is somewha mideading snce waste hest is generdly associated with the
heat source, in this case a boiler either with an economizer or air prehester.

A steam turbine can be defined as a heat recovery device. Producing eectricity in a steam
turbine from the exhaust heet of a gas turbine (combined cycle) isaform of heet recovery.

The amount and qudity of the recovered heat is a function of the entering sleam conditions and
the design of the steam turbine. Exhaust steam from the turbine can be used directly in a
process or for digtrict heating. Or it can be converted to other forms of therma energy including
hot water or chilled water. Steam discharged or extracted from a steam turbine can be used in
a single or double-effect aosorption chiller. A steam turbine can dso be used as a mechanica
drive for acentrifugd chiller.

Emissions

Emissions associated with a steam turbine are dependent on the source of the steam. Steam
turbines can be used with a boiler firing a large variety of fuel sources or it can be used with a
gas turbine in a combined cyde. Boiler emissons can vary depending on environmentd
conditions. In the SCAQMD jurisdiction, large boilers use SCR to reduce NOy emissons to
sngledigit levds.
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Applications

Steam Turbines for Industrial and CHP Applications

In industrid applications, steam turbines may drive an eectric generator or equipment such as
boiler feedwater pumps, process pumps, air compressors and refrigeration chillers. Turbines as
indudrid drivers are dmogt dways a sngle casng machine, ether single sage or multistage,

condensing or non-condensing depending on steam conditions and the vaue of the steam.

Steam turbines can operate at a single speed to drive an eectric generator or operate over a
gpeed range to drive arefrigeration compressor.

For non-condensing applications, steam is exhausted from the turbine a a pressure and
temperature sufficient for the CHP hegating application. Back pressure turbines can operate
over a wide pressure range depending on the process requirements and exhaust steam at
typicaly between 5 psig to 150 psig. Back pressure turbines are less efficient than condensing
turbines, however, they are less expensive and do not require a surface condenser.

Combined Cycle Power Plants

The trend in power plant design is the combined cycle which incorporates a sleam turbine in a
bottoming cycle with a gas turbine. Steam generated in the heet recovery steam generator
(HRSG) of the gas turbine is used to drive a steam turbine to yield additiond dectricity and
improve cycle efficiency. The steam turbine is usualy an extraction-condensing type and can be
designed for CHP applications.

Technology Advancements

Steam turbines have been commercidly available for decades. Advancements will more likely
occur in gas turbine technology.

1.3 Gas Turbines

| ntroduction

Over the last two decades, the gas turbine has seen tremendous development and market
expanson. Whereas gas turbines represented only 20% of the power generation market twenty
years ago, they now claim gpproximately 40% of new capacity additions. Gas turbines have
been long used by utilities for pesking capacity, however, with changes in the power industry
and increased efficiency, the gas turbine is now being used for base load power. Much of this
growth can be accredited to large (>50 MW) combined cycle plants that exhibit low capita
cogt (less than $550/kW) and high thermd efficiency. Manufacturers are offering new and
larger capacity machines that operate a higher efficiencies. Some forecasts predict that gas
turbines may furnish more than 80% of dl new U.S. generation capacity in coming decades?

%U.S. DOE Energy Information Administration
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Gas turbine development accelerated in the 1930's as a means of propulsion for jet aircraft. It
was not until the early 1980's that the efficiency and reliability of gas turbines had progressed
sufficiently to be widdly adopted for Sationary power gpplications. Gas turbines range in Sze
from 30 kW (microturbines) to 250 MW (industrid frames).

Technology Description

The thermodynamic cycle associated with the mgority of gas turbine systems is the Brayton
cycle, that passes atmospheric air, the working fluid, through the turbine only once. The
thermodynamic steps of the Brayton cycle include compression of atmospheric air, introduction
and ignition of fudl, and expanson of the heated combustion gases through the gas producing
and power turbines. The developed power is used to drive the compressor and the eectric
generator. Primary components of a gas turbine are shown in Figure 1-3.1.

Fioure 1-3.1. Comnonents of a @Gas
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+ Gas Producer Turbine

Power Turbine
> pd

Combustor
Generator
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Air

Aeroderivative gas turbines for stationary power are adapted from their jet engine counterpart.
These turbines are light weight and thermally efficient, however, are limited in capacity. The
largest aeroderivitives are gpproximately 40 MW in capacity today. Many aeroderivative gas
turbines for Sationary use operate with compression ratios up to 30:1 requiring an externd fuel
gas compressor.  With advanced system developments, aeroderivitives are gpproaching 45%
ample cyde efficiencies

Industrid or frame gas turbines are available between 1 MW to 250 MW. They are more
rugged, can operate longer between overhauls, and are more suited for continuous base-load
operation. However, they are less efficient and much heavier than the agroderivative. Indudtrid
gas turbines generdly have more modest compression ratios up to 16:1 and often do not require
an externa compressor.  Indudtrid gas turbines are gpproaching smple cycle efficiencies of
approximately 40% and in combined cycles are approaching 60%.
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Small indudtrid gas turbines are being successfully used in industry for ongte power generation
and as mechanica drivers. Turbine szes are typicaly between 1-10 MW for these gpplications.
Small gas turbines drive compressors dong naturd gas pipelines for cross country transport. In
the petroleum industry they drive gas compressors to maintain well pressures. In the sted
industry they drive air compressors used for blast furnaces. With the coming competitive
eectricity market, many experts bdieve that inddlation of smal industrid ges turbines will
proliferate as a cost effective aternative to grid power.

Design Characteristics

Qudity thermd outpuit: Gas turbines produce a high qudity therma output suitable for
most CHP applications.

Cost effectiveness. Gas turbines are among the lowest cost power generation
technologies on a kW basis, especidly in combined cycle.

Fud flexibility: Gas turbines operate on natura gas, synthetic gas and fud ails.
Plants are often designed to operate on gaseous fud with a
stored liquid fuel for backup.

Rdiable and long life Modern gas turbines have proven to be reliable power
generation devices, given proper maintenance.

Economica gzerange: Gas turbines are avalable in dzes that match the dectric
demand of many end-usars (inditutiond, commercid and
indugrid).

Performance Characteristics

Efficiency

The thermd efficiency of the Brayton cycle is a function of pressure raio, ambient ar
temperature, turbine inlet temperature, the efficiency of the compressor and turbine eements
and any performance enhancements (i.e. recuperation, reheat, or combined cycle). Efficiency
generdly increases for higher power outputs and aeroderivative desgns. Simple cycle
efficiencies can vary between 25-40% lower heating value (LHV). Next generation combined
cycles are being advertised with eectric efficiencies approaching 60%.

Capital Cost

The capitd cost of a gas turbine power plant on a kW basis ($kW) can vary sgnificantly
depending on the capacity of the facility. Typica estimates vary between $300-$900/kW. The
lower end gppliesto large indudtria frame turbines in combined cycle.
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Availability

Edimated availability of gas turbines operating on clean gaseous fuds like naurd gas is in
excess of 95%. Use of didtillate fuels and other fuels with contaminants require more frequent
shutdowns for preventative maintenance that reduce availability.

Maintenance

Although gas turbines can be cycded, maintenance cogts can triple for a turbine that is cycled
every hour versus a turbine that is operated for intervals of 1000 hours. Operating the turbine
over the rated design capecity for sgnificant time periods will dso dramaticdly increase the
number of hot path ingpections and overhauls. Maintenance costs of a turbine operating on fue
oil can be gpproximately three times that as compared to natural gas. Typicd maintenance
cogts for a gas turbine fired by natura gasis 0.003-0.005 $/kWh.

Figure 1-3.2 Heat Recovery from a Gas Turbine System

Gas Turbine

v

Process Steam
(Simple Cycle w/ Heat Recovery)

Feed water

HRSG

Steam Turbine
(Combined Cycle)

Heat Recovery

The smple cycle gas turbine is the least efficient arrangement since there is no recovery of heeat
in the exhaust gas. Hot exhaust gas can be used directly in a process or by adding a hest
recovery steam generator (HRSG), exhaust heat can generate steam or hot water.

For larger gas turbine inddlations, combined cycles become economica, achieving
agoproximately 60% dectric generation efficiencies using the most advanced utility-class gas
turbines. The heat recovery options available from a steam turbine used in the combined cycle
can be implemented to further improve the overdl system efficiency (as discussed previoudy.)
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Since gas turbine exhaust is oxygen rich, it can support additiond combugtion through
supplementary firing. A duct burner is usudly fitted within the HRSG to increase the exhaust
gas temperature at efficiencies of 90% and grester.

Emissions

The dominant NO, control technologies for gas turbines include water/steam injection and lean
pre-mix (combustion control) and sdlective catalytic reduction (post combustion control).
Without any controls, gas turbines produce levels of NOy between 75-200 ppmv. By injecting
water or steam into the combustor, NO, emissions can be reduced to approximately 42 ppmv
with water and 25 ppmv with steam. NOy emissons from didtillate-fired turbines can be
reduced to about 42-75 ppmv. Water or steam injection requires very purified water to
minimize the effects of water-induced corroson of turbine components.

Lean pre-mix (dry low NOy) is a combustion modification where a lean mixture of natural gas
and air are pre-mixed prior to entering the combustion section of the gas turbine. Pre-mixing
avoids “hot spots’ in the combustor where NO, forms. Turbine manufacturers have achieved
NO, emissons of 9-42 ppmv using thistechnology. This technology is Hill being developed and
early designs have caused turbine damage due to “flashback”. Elevated noise levels have dso
been encountered.

Sdective cataytic reduction (SCR) is a post combustion trestment of the turbine' s exhaust gas
in which ammonia is reacted with NOy in the presence of a catalyst to produce nitrogen and
water. SCR is gpproximately 80-90% effective in the reduction of upstream NO, emisson
levels. Assuming aturbine has NO, emissions of 25 ppm, SCR can further reduce emissonsto
35 ppm. SCRis used in series with water/steam injection or lean pre-mix to produce single-
digit emisson levels. SCR requires an upsream hesat recovery device to temper the
temperature of the exhaust gas in contact with the catayst. SCR requires ondte storage of
ammonia, a hazardous chemical. In addition anmonia can “dip” through the process unreacted
that contributes to ar pollution. SCR sysems are expensve and sgnificantly impact the
economic feagbility of smaller gas turbine projects.

Applications

Gas turbines are a cogt effective CHP dternative for commercia and industria end-users with a
base load dectric demand greater than about 5 MW. Although gas turbines can operate
satisfactorily at part load, they perform best at full power in base load operation. Gas turbines
are frequently used in digtrict steam heating systems since their high qudity therma output can
be used for most medium pressure steam systems.

Gasturbines for CHP can be in either asmple cycle or acombined cycle configuration. Smple
cycle goplicaions are most prevaent in smdler ingdlations typicdly less than 25 MW. Waste
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heet is recovered in a HRSG to generate high or low pressure sseam or hot water. The thermal
product can be used directly or converted to chilled water with single or double effect
absorption chillers.

Technology Advancements

Advancements in blade design, cooling techniques and combustion modifications including lean
premix (dry low NOx) and catalytic combustion are under development to achieve higher
thermd efficiencies and single digit emisson levels without post combugtion treatment. Gas
turbine manufacturers have been commercidizing their products for decades. A globa network
of manufacturers, dealers and distributors is well established.

1.4 Microturbines

I ntroduction

A new dlass of amal gas turbines called microturbines is emerging for the disiributed resource
market. Severd manufacturers are developing competing engines in the 25-250 kW range,
however, multiple units can be integrated to produce higher eectricad output while providing
additiond rdiability. Mog manufacturers are pursuing a sngle shaft design wherein the
compressor, turbine and permanent-magnet generator are mounted on a single shaft supported
on lubrication-free air bearings. These turbines operate a speeds of up to 120,000 rpm and
are powered by natura gas, gasoline, diesdl, and dcohol. The dud shaft design incorporates a
power turbine and gear for mechanical drive applications and operate up to speeds of 40,000
rpm. Microturbines are a rdatively new entry in the CHP industry and therefore many of the
performance characterigtics are estimates based on demongtration projects and laboratory
tegting.

Technology Description

The operating theory of the microturbine is Smilar to the gas turbine, except that most designs
incorporate a recuperator to recover part of the exhaust heet for prehesating the combustion air.
Air is drawn through a compressor section, mixed with fud and ignited to power the turbine
section and the generator.  The high frequency power that is generated is converted to grid
competible 60HZ through power conditioning eectronics. For single shaft machines, a sandard
induction or synchronous generator can be used without any power conditioning € ectronics.
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Figure 1-4.1. Schematic of a Recuperated Microturbine
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Design Characteristics

Compact: Their compact and lightweight design makes microturbines an
atrective option for many light commercid/ indudrid
goplications.

Right-sized: Microturbine capacity is right sized for many customers with
relatively high eectric codts.

Lower noise: Microturbines promise lower noise levels and can be located

adjacent to occupied areas.

Performance Characteristics

Efficiency

Mogt designs offer a recuperator to maintain high efficiency while operating a combustion
temperatures below NO, formetion levels.  With recuperation, efficiency is currently in the
20%-30% LHYV range.

Capital Cost
Ingtalled prices of $500-1000/kW for CHP gpplications is estimated when microturbines are
mass produced.

Availability
Although fidld experience is limited, manufacturers clam that availability will be smilar to other
competing distributed resource technologies, i.e. in the 90->95% range.
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Maintenance

Microturbines have subgtantidly fewer moving parts than engines. The single shaft design with
ar bearings will not require lubricating oil or water, so maintenance costs should be below
conventiond gas turbines. Microturbines that use lubricating oil should not require frequent oil
changes dnce the ail is isolated from combugtion products. Only an annud scheduled
maintenance interva is planned for micoturbines. Maintenance costs are being estimated a
0.006-0.01%/kW.

Heat Recovery

Hot exhaugt gas from the turbine section is available for CHP applications. As discussed
previousy, most desgns incorporate a recuperator that limits the amount of heat available for
CHP. Recovered heat can be used for hot water heating or low pressure steam gpplications.

Emissions

NOy, emissions are targeted below 9 ppm using lean pre-mix technology without any post
combustion treatment.

Applications

Markets for the microturbine include commercia and light indudrid facilities. Since these
customers often pay more for dectricity than larger end-users, microturbines may offer these
customers a codt effective dternative to the grid. Their relatively modest hest output may be
idedly matched to customers with low pressure seam or hot water requirements.
Manufacturers will target severd dectric generation applications, including standby power, pesk
shaving and base loaded operation with and without heat recovery.

One manufacturer is offering a two shaft turbine that can drive refrigeration chillers (100-350
tons), air compressors and other prime movers. The system aso includes an optiond heet
recovery package for hot water and steam agpplications.

Technology Advancements

Microturbines are being developed in the near term to achieve thermd efficiencies of 30% and
NOx emissons less than 10 ppm. It is expected that peformance and maintenance
requirements will vary among the initid offerings. Longer term gods are to achieve thermd
efficiencies between 35-50% and NOx emissions between 2-3 ppm through the use of ceramic
components, improved aerodynamic and recuperator designs and catalytic combustion.

Manufacturers are currently releasng prototype systems for demondration and testing.

Commercidization is planned by year 2000 with sgnificant cost reductions expected as
manufacturing volume increases.
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1.5 Fuel Célls

I ntroduction

Fud cdls offer the potentid for clean, quiet, and very efficient power generation, benefits that
have driven their development in the past two decades. Fud cdlls offer the ability to operate a
electricd efficiencies of 40-60% (LHV) and up to 85% in CHP. Deveopment of fud cells for
commercial use began in earnest in the 1970's for dationary power and transportation
aoplications.

Although severd fud cdl designs are under development, only the phosphoric acid fud cdl
(PAFC) is commercidly available. The price of the most competitive PAFC is ill around
$3000/kW which is till too high for most industrid and commercid gpplications. The fud cell
requires continued research and development before it becomes a serious contender in the CHP
market.

Technology Description

Fud cdls are smilar to batteries in that they both produce a direct current (DC) through an
electrochemical process without direct combustion of a fud source. However, whereas a
battery delivers power from a finite amount of stored energy, fud cedls can operate indefinitely
provided that a fuel source is continuoudy supplied. Two eectrodes (a cathode and anode)
pass charged ions in an dectrolyte to generate éectricity and heat. A catdys is used to
enhance the process. Individua fue cells produce between 0.5-0.9 volts of DC dectricity.
Fud cellsare combined into “stacks’ like a battery to obtain usable voltage and power output.

A fud cdl condggts of severd mgor components including afuel reformer to generate hydrogen-
rich gas, a power section where the eectrochemical process occurs and a power conditioner to
convert the direct current (DC) generated in the fuel cdl into dternating current (AC). Fud
reforming “frees’ the hydrogen in the fud and removes other contaminants that would otherwise
poison the catdytic eectrodes. Fuel processng is usuadly performed at the point of use
eliminating storage of the hydrogen-rich mixture. Depending on the operating temperature of the
fud cdl, fud reforming can occur externd or internd the cell.

The generd design of modt fud cdls is amilar except for the type of dectrolyte used. The five
main types of fud cels are defined by their dectrolyte and include akaline, proton exchange
membrane (PEMFC), phosphoric acid (PAFC), molten carbonate (MCFC) and solid oxide
(SOFC) fud cdls. A comparison of fud cdl typesis presented in Table 1-5.1.

Alkdine fud cdls which are very efficient and have been used successfully in the space

program, require very pure hydrogen that is expensive to produce and for this reason are not
considered magjor contenders for the stationary power market.
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The PAFC represents the most mature technology and is commercidly available today, having
been ingalled in over 80 locations in the U.S., Europe and Japan.

The MCFC which is currently being demondtrated a severad dtes operates a higher
temperature and is more efficient than the commercidly available PAFC with efficiencies up to
55% (LHV) edtimated. The high exhaust temperature of a MCFC can generate additiond
electricity in a steam turbine or in a gas turbine combined cycle. The MCFC is expected to
target 1-20 MW sationary power gpplications and should be well suited for industria CHP.

Many experts bdieve tha the SOFC will be the dominant technology for Sationary power
goplications. The SOFC offers the reiability of al-solid ceramic congtruction and is expected
to have an dectric efficiency of up to 50% (LHV). The high exhaust temperature of a SOFC
can generate additiond dectricity in a steam turbine or in a gas turbine combined cycle. Hybrid
systems using gas turbines or microturbines could increase eectric efficiencies to 60%.

The PEMFC is of particular interest to the automotive industry as a future power plant for
eectric vehicles. Much of the current development effort is to introduce a PEMFC for the
dationary power market as an intermediate step towards smdl and cost effective units for
automobiles and buses. The PEMFC has very high power densties and can start-up quickly
and meet varying demand.
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Table 1-5.1: Comparison of Fuel Cell Types

Alkaline Proton Phosphoric Molten Solid Oxide
Exchange Acid Carbonate (SOFC)
(AFC) Membrane (MCFC)
(PEM) (PAFC)
Electrolyte Alkaline lye Perfluorated Stabilized Molten carbonate| Ceramic solid
sulphonated |phosphoric acid solution electrolyte
polymer
Typical Unit <<100 0.1-500 5-200 (plants up [800-2000 (plants| 2.5-100,000
Sizes (kW) to 5,000) up to 100,000)
Electric Efficiency] Upto 70% Up to 50% 40-45% 50-57% 45-50%
Installed Cost 4,000 3,000-3,500 800-2,000 1,300-2,000
($/kW)
Commercial Not for CHP R&D Yes R&D R&D
Availability
Power Density 8-
Ibs/kW 10 ~0.2 ~25 ~60 ~40
kW 0.4 ~1 ~1
Heat Rejection 1640 @ 0.8V | 1880 @0.74V 850 @0.8V 1780 @0.6V
(Btu/kwh)
Electric/ Thermal ~1 ~1 Uptol1l.5 Uptol.5
Energy
Oxidation Media Oxygen Oxygen from Air | Oxygen from Air | Oxygen from Air | Oxygen from Air
Cooling Medium Water Boiling Water Excess Air Excess Air
Fuel H, H, and reformed H, reformed from H,and CO H,and CO
H, natural gas reformed from | reformed from
natural gas or | natural gas or
coal gas coal gas
Operating Temp 160-210 120-210 320-410 1250 1500-1800
(F)
Operating 14.7-74 14.7-118 14.7-44 14.7->150
Pressure (psig)
Applications Space and Stationary power|Stationary power|Stationary power|Stationary power

military (today) (1997-2000) [ (1998) Railroad | (2000->2005) and railroad
Bus, railroad, propulsion propulsion
automotive (1999) (1998->2005)
propulsion
(2000-2010)
ONSITE SYCOM Energy Corporation Page 1-22 CHP Market Assessment Report




Design Characteristics

Emissons Ingdlation of PAFC has been exempted from ar qudity
permits in some of the srictest didtricts in the country including
South Coast Air Qudity Management Didrict in the Los

Angdesbagn.

Quiet operation: Much of the gpped of the fud cdll is its quiet operation so that
gting and specid enclosures are of minimal concern.

Commercid use: The 200kW PAFC is idedly suited to typicd commercid
indalations.

Thermd qudlity: The quadlity of the therma product depends on the type of

eectrolyte.  The commercidly available PAFC operates at
lower temperatures and therefore produces low pressure steam
or hot water as a byproduct.

Performance Characteristics

Efficiency

The eectric efficiency of fud cells are dramaticaly higher than combustion-based power plants.
The current efficiency of PAFC is 40% with a target of 40-60% (LHV) egtimated. With the
recovery of the thermal byproduct, overal fud utilization could approach 85%. Fue cdlsretain
ther efficiency at part load.

Capital Cost

The capital cost of fud cdlsis currently much higher than competing distributed resources. The
commercia PAFC currently costs approximately $3,000/kW. Fuel cdl prices are expected to
drop to $500-$1500/kW in the next decade with further advancements and increased
manufacturing volumes.  Subgtantid cogt reductions in the dationary power market are
expected from advancementsin fud cdls used for trangportation.

Availability

Theoreticdly, fud cdls should have higher avalability and rdiability than gas turbines or
reciprocating engines since they have fewer moving pats. PAFC have run continuoudy for
more than 5,500 hours which is comparable to other power plants. Limited test results for
PAFC have demonstrated availability at 96% and 2500 hours between forced outages.
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Maintenance

The eectrodes within a fudl cdl that comprise the “stack” degrade over time reducing the
efficiency of the unit. Fud cdls are designed such that the “stack” can be removed. It is
edimated that “stack” replacement is required between four and six years when the fud cdl is
operated under continuous conditions. The maintenance cost for PAFC (200 kW) including an
dlowance for periodic stack replacements has been in the range of $0.02-$5 kWh.
Improvements should bring the cost down to $0.015/kWhr over the twenty yeer life of the unit.

Heat Recovery

Significant heet is released in a fud cdl during eectrica generation. The PAFC and PEMFC
operate at lower temperatures and produce lower grades of waste heat generdly suitable for
commercial and industrid CHP gpplications. The MCFC and SOFC operate a much higher
temperatures and produce hesat that is sufficient to generate additional eectricity with a steam
turbine or amicroturbine hybrid gas turbine combined cycle.

Emissions

Fud cdls have little environmenta impact and have been exempted from ar permitting
requirements by severd Cdifornia Air Quality Management Didtricts.

Applications

The type of fuel cdl determines the temperature of the hest liberated during the process and its
auitability for CHP agpplications. Low temperature fuel cells generate a therma product suitable
for low pressure steam and hot water CHP gpplications. High temperature fud cells produce
high pressure steam that can be used in combined cycles and other CHP process agpplications.
Although some fue cells can operate at part load, other designs do not permit on/off cycling and
can only operate under continuous base load conditions.

For dationary power, fud cdls are being deveoped for smdl commercid and resdentid
markets and as peek shaving units for commercia and industrid customers.

In aunique innovation, high temperature fud cells and gas turbines are being integrated to boost
electric generating efficiencies. Combined cycle systems are being evauated for Sizes up to 25
MW with dectric efficiencies of 60-70% (LHV). The hot exhaust from the fud cdl is
combusted and used to drive the gas turbine. Energy recovered from the turbine' s exhaudt is
used in arecuperator that prehests air from the turbin€' s compressor section. The heated air is
then directed to the fud cdll and the gasturbine. Any remaining energy from the turbine exhaust
can be recovered for CHP.
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Technology Advancements

With the exception of PAFC, fud cdl technology is ill being demondrated in the field or in the
laboratory.  Significant development and funding will be required over the next 5-10 years to
achieve projected performance and cost. Magor activities include reformer design, sze
reduction and improved manufacturing techniques.  Collaboration between industry and
government has been aimportant factor in sustaining development efforts.

Devedopment in the mobile market should have a mgor impact on fud cel technology. It is
anticipated that PEM technology will be demonstirated by the year 2000.

1.6 System |ssues

Integrating a CHP technology with a specific application together as a system, requires an
understanding of the engineering and Site-specific criteria that will provide the most economic
solution.  The find design mugt address gting issues like noise abatement and footprint
condraints. Engineering information for designing a technically and economicaly feasble system
should include dectric and therma load profiles, capecity factor, fud type, performance
characterigtics of the prime mover, etc. CHP by definition implies the sSmultaneous generation
of two or more energy products that function as a syssem. This section of the report reviews
some of the primary issues faced by the desgn engineer in sdecting and designing a CHP
sysem.

Environmental permitting and grid interconnection issues are not included here, but are
discussed Section Two, Market Potential.

Electric and Thermal Load Profiles

One of the fird and mogt important eements in the andysis of CHP feashility is obtaining
accurate representations of dectric and thermal loads. Thisis particularly true for load following
gpplications where the prime mover must adjust its eectric output to match the demand of the
end-user while maintaining zero output to the grid. A 30-minute or hourly load profile provides
the best results for such an andysis. Thermd load profiles can consst of hot water use, low and
high pressure steam consumption and cooling loads. The shape of the eectric load profile and
the spread between minimum and maximum values will largdly dictate the number, size and type
of prime mover. It is recommended that eectric and therma loads be monitored if such
information is not avalable,

For base load CHP gpplications that export power to the grid and meet a minimum thermal load
required under PURPA, sizing a CHP facility is largely dictated by capacity requirements in the
wholesde energy market. Rather than meeting the demand of an end-user, such plants are
dispatched to the grid dong with other generating systems as a function of cost of generation.
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Capacity factor is a key indicator of how the capacity of the prime mover is utilized during
operaion. Capacity factor is a useful means of indicating the overdl economics of the CHP
system. The capacity factor indicates the facility’s proximity to baseload operation. Capacity
factor is defined asfollows:

Actual Energy Consumption

Capacity Factor = _ .
Peak Capacityof PrimeMover x 8,760 hours

A low capecity factor is indicative of pesking applications that derive economic benefits
generdly through the avoidance of high demand charges. A high capacity factor is desrable for
most CHP gpplications to obtain the grestest economic benefit. A high capacity factor
effectively reduces the fixed unit cogts of the sysem ($kWh) and to remain competitive with

grid supplied power.

Gas turbines are typically sdected for gpplications with rdatively congtant electric load profiles
to minimize cycling the turbine or operating the turbine for a large percentage of hours at part
load conditions where efficiency declines rgpidly. Gas turbines are ided for indudtrid or
ingtitutional end-users with 24 hour operations or where export to the grid is intended.

Most commercid end-users have avarying eectric load profile, i.e., high pesk loads during the
day and low loads after business hours a night. Natura gas reciprocating engines are a popular
choice for commercid CHP due to good part-load operation, ability to obtain an air quaity
permit and avalability of s9ze ranges that match the load of many commercid and inditutiona
endusers.  Reciprocating engines exhibit high eectric efficiencies meaning that there is less
avaladlergected heet. Thisis often compatible with the therma requirements of the end-user.

Micro-turbines are just emerging as a as a future distributed resource that will be idedlly sized to
mest the dectric load profiles of many commercia and indtitutiona end-users.
Exhaust heat can be recovered for hot water or steam loads.

Thermd demand of a commercid or ingtitutional end-user often conssts of hot water or low
pressure steam demand in the winter and a cooling demand in the summer. Hesat from the prime
movers often used in a Sngle-stage steam or hot water absorption chiller. This option dlowsthe
CHP system to operate continuoudy throughout the year while maintaining a good therma load
without the need to regject heet to the environment.

Quality of Recoverable Heat

The thermd requirements of the end-user may dictate the feasbility of a CHP system or the
sdection of the prime mover. Gas turbines offer the highest qudity heat thet is often used to
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generate power in a steam turbine. Gas turbines rgect heat dmost exclusively in its exhaust gas
dream. The high temperature of this exhaust can be used to generate high pressure steam or
lower temperature applications such as low pressure steam or hot water. Larger gas turbines
(typically above 25 MW) are frequently used in combined cycles where high pressure steam is
produced in the HRSG and is used in a steam turbine to generate additiona dectricity. The high
levels of oxygen present in the exhaugt stream dlows for supplementa fue addition to generate
additiond seam at high efficiency.

Some of the developing fuel cdl technologies including molten carbonate fud cells (MCFC) and
solid oxide fud cdls (SOFC) will dso provide high quaity rgected heat comparable to a gas
turbine,

Reciprocating engines and the commercidly available phosphoric acid fud cell (PAFC) produce
alower grade of rgected heat. Heating gpplications that require low pressure steam (15 psig)
or hot water are most suitable, athough the exhaust from a reciprocating engine can generate
steam up to 100 psg.

Reciprocating engines typicdly have a higher efficiency than most gas turbines in the same
output range and are a good fit where the thermd load is low rdative to eectric demand.
Reciprocating engines can produce low and high pressure stleam from its exhaust gas, athough
low pressure steam or hot water is generdly specified. Jacket water temperatures are typicaly
limited to 210F 0 that jacket heet is usudly recovered in the form of hot water. All the jacket
heat can be recovered if there is sufficient demand, however, only 40-60% of the exhaust heet
can be recovered to prevent condensation of corrosive exhaust products in the stack that will

limit equipment life.

Industrial Heat Recovery

Industrial Sitesthat produce excess heat or steam from a process may offer a CHP opportunity.
If the excess thermd energy is continuoudy available or at a high load factor and is of sufficient
quality, this heat can be used in a“bottoming cycle’ to generate dectricity in asteam turbine. In
addition to eectrica generation, steam turbines are often used to drive rotating equipment like
ar compressors or refrigeration compressors.  Through a variety of turbine designs, the seam
exhaugted from the turbine can be used for lower grade heating applications or cooling in a
CHP configuration. Excess steam could aso be used for reforming natural gas for afue cell.

Noise

Although fue cdls are rdatively expengve to inddl, they are being tested in a number of Stes
typicaly where the cost of a power outage is Significant to lost revenues or lost productivity and
where uninterrupted power is mandatory. Their relatively quiet operation has gpped and these
units are being indaled in congested commercid aress. Locating a turbine or engine in a
resdentia area usudly requires specid congderation and design modifications to be acceptable.
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Engine and turbine ingalations are often ingdled in building enclosures to attenuate noise to
surrounding communities. Specid exhaugt slencers or mufflers are typicdly required on exhaust
dacks. Gas turbines require a high volume of combudtion air, causing high velocities and
asociated noise. Inlet air filters can be fitted with sllencers to substantidly reduce noise levels.

Geas turbines are more easly confined within a factory supplied enclosure than reciprocating
engines. Reciprocating engines require greater ventilation due to radiated heat that makes their
ingalation in a sound-attenuating building often the most practicd solution. Gas turbines require
much less ventilation and can be concedled within a compact stedl enclosure.

Foot Print

Phosphoric acid fuel cells and micro-turbines offer compact packaging and have an gpped to
those end-users that are seeking a non-obtrusive power generation or CHP system. Larger gas
turbines and reciprocating engines generdly are isolated in either a factory enclosure or a
separate building dong with ancillary equipment.

Fuel Supply

A potentid system issue for gas turbines is the supply pressure of the naturd gas distribution
system a the end-user’s property line. Gas turbines need minimum gas pressures of about 120
psg for smal turbines with substantially higher pressures for larger turbines. Assuming there is
no high pressure gas sarvice, the loca gas digtribution company would have to congtruct a high
pressure gas line or the end-user must purchase a gas compressor. The economics of
congructing a new line must consder the volume of gas sdes over the life of the project.

Gas compressors may have reiability problems especidly in the smdler Sze ranges. If "black
dat" capability is required, then a reciprocating engine may be needed to turn the gas
compressor, adding cost and complexity.

Reciprocating engines and fud cells are more accommodating to the fuel pressure issue,
generdly requiring under 50 psig. Reciprocating engines operating on diesd fuel storage do not
have fuel pressure as an issue, however, there may be specia permitting requirements for on-
gtefud dorage.

Diesdl engines should be consdered where naturd gas is not available or very expensive.
Diesdl engines have excellent part load operating characteristics and high power dengties. In
most locdities, environmenta regulations have largely redtricted their use for CHP. In Cdifornia
and dsawhere in the U.S,, diesd engines are dmogt exclusvely used for emergency power or
where uninterrupted power supply is needed such as in hospitals and critical data operating
centers.  As emergency generators, diesdl engines can be started and achieve full power in a
relatively short period of time.
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2.0 Market Potential for Combined Heat and Power

CHP Development in California

The growth of Combined Heat and Power (CHP) in Cdifornia in the years after the Public
Utilities Regulatory Policy Act (PURPA) of 1978 was driven by a regulatory environment and
cost of energy assumptions that have sgnificantly changed in the last few years. The dedline of
lucrative utility purchase contracts, lower relative energy prices and uncertainties of restructuring
require customers, regulators and the financia community to look a CHP in a new light. The
opportunities for CHP can be highlighted by focusng on some of the fundamenta changes
brought about by dectric industry restructuring and how CHP can serve customers and the
public interest in the future.

There are two changes that are the basis of optimism for the future of CHP. Firg, there have
been technologica improvements to increase efficiencies and reduce environmental impacts
from existing CHP technologies. There have aso been an expangon in the sizes and types of
technologies avallable. These technologies are covered in detail in Technology Characterization,
Section 1 of this Market Assessment Report.

The second mgor change affecting CHP in Cdifornia is eectric industry restructuring. It has
fundamentaly dtered the incentives for investing in generation. No longer are verticdly
integrated utilities guaranteed a reasonable rate of return on dl prudent investments. Utilities are
being encouraged to unbundle generation and affiliated services from their service package.
Customers have a choice of suppliers, or they can supply themsdves. Some customers are
aggregating for improved service offerings a lower prices.  There are new opportunities and
new risks for customers and energy services companies in this changing picture. CHP now has
the potentid to match customer needs more accurately than is possble through traditiona
centra supply.

Section 2-1 will discuss the technica promise of CHP, and how that promise has been redized
or disregarded in the regulatory environment of the last twenty years. Section 2-2 is a technicd
review of existing CHP in Cdiforniaand Section 2-3 is a quantitative discussion of the remaining
market potentid.

2.1 The Technical Promise of CHP

Power generation systems cregate large amounts of heet in the process of converting fud into
eectricity. For the average power plant, over two thirds of the energy content of the input fuel
is converted to heat and wasted. As an dternative, an end-user with sgnificant thermd and
power needs can generate both its therma and dectricad energy in a single combined heat and
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power system located at or near its facility. CHP, adso cdled cogeneration, can sgnificantly
increase the efficiency of energy utilization, reduce emissons of criteria pollutants and CO,, and
lower operating codts for industrid, commercid and inditutiona users. CHP has been used by
some indugtries such as pulp and paper and petroleum for over 100 years to meet their eam
and power needs.

Figure2-1.1 CHP versus Separate Heat and Power

CHP Comparison

70 Combined heat and power
(Losses) systems sequentially produce
electricity and thermal energy

Power Combined Heat and Power
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Figure 2-1.1 above shows how out of 100 units of input fuel, CHP converts 80 to useful work,
30 to eectricity and 50 to heet to a boiler. Traditiona separated heat and power components
require 163 units of energy to accomplish the same end use tasks’.

CHP Development under PURPA

PURPA was enacted during the Carter Adminidiration as a reaction to the “energy criss’ and
the perception of a short supply of fossl energy. Its purpose was to increase supply-side
energy conservation (efficiency) and to diversfy fuel resources. The cogeneration rules in
PURPA were designed to increase efficiency of fud use by removing regulatory and indtitutional
barriers to the development of CHP. PURPA gimulated the market, primarily for large CHP
systems, by requiring utilities to interconnect with qudified CHP facilities, provide backup
power at reasonable rates, and purchase any excess dectricity at the same rate the utilities
would have had to pay to generate it themsdves, the utilities avoided costs. PURPA

¥ Based on Tina Kaarsherg and Joseph Roop, Carbon and Energy Savings from Combined Heat and Power: A Closer
Look, 1999. These are nationd averagesfor exigting ingtaled boilers and centrd generating plants, illustrative of but not
identicd to Cdiforniaaverages.
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successfully removed barriers to CHP. Tota U.S. capacity increased from about 10,000 MW
in 1980 to over 44,000 MW in 1995—hut it also encouraged capacity sales in some regions of
the country that exceeded incrementa requirements. Lucrative power contracts spurred
development of so-cdled “PURPA machines’ during this period that often maximized electric
output at the expense of overdl efficiency.

To qudify for PURPA benefits smal power producers and cogenerators had to file with the
Federd Energy Regulatory Commission (FERC) as “Quadlifying Facilities’ or QFs.  The QFs
had to meet minimum useful thermd energy and overdl efficiency requirements.  Utilities were
required to purchase power from QFs a a rate not to exceed their own avoided cost.
Purchasing power a avoided cost was designed to give assurance that the public would not pay
more for power from QFsthan it did from the utilities.

Cdifornids investor-owned utilities issued Interim Standard Offer Contracts to QFs for power
purchases. The Interim Standard Offer contracts for long-term energy and capacity are known
as Interim Standard Offer 4 (1ISO4). 1S04 contracts provided the option for some QFs to
obtain fixed energy prices for up to 10 years, after which energy prices revert to the short-run
avoided cogt of the purchasing utility. PURPA and 1SO4 contracts fostered a dynamic CHP
industry in Cdifornia from the mid-1980s to the early 1990s. Over 5200MW, representing
over 81% of the CHP in Cdifornia, came on line during the decade from 1982 to 1991.

The Market Levels Off

Lower avoided cogts and increasing utility resstance led to a decline in the CHP market in the
mid-1990s.  Utility resistance led to imposition of market barriers to non-QF CHP and lower
avoided cost became the basis on which utilities fought new QF activity. The origind fixed
forecast energy prices were developed based on short run avoided costsin 1983. A few years
later, it became evident that the forecasts and redlity were moving in opposite directions, with
forecasts going up and costs going down. Since PURPA was enacted, avoided codts in
Cdlifornia have dropped from between $0.04 and $0.07/kWh to approximately $0.025/kWh,
dueto low natura gas prices and improved technologies.

Southern Cdlifornia Edison and San Diego Gas and Electric petitioned the FERC to void a
1993 Cdifornia PURPA auction. The companies clamed that the Cdifornia Public Utilities
Commisson (CPUC) had forced them to accept severa hundred megawatts of renewable
energy (geotherma wind) priced at above 6 cents per kwh compared to available new gas-fired
capacity at 4 cents per KWh. In a landmark decision, the FERC agreed with the utilities tht,

given the emerging competitive landscape, avoided-cost determinations had to be open to all

sdlersto accurately measure the avoided cost. The FERC' s decision had a chilling effect on the
CHP market in Cdiforniaand new PURPA auctions were put on hold®.

* Federd Energy Regulatory Commission, Order on Petitions for Enforcement Action Pursuant to Section
210(h) of PURPA, 70 FERC 61666 at 61667, 61672, 1995.
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The future of existing QFs is not certain, but it seems clear that a the end of the ten-year fixed
contracts, they will experience significant reductionsin revenue. Some QFs may choose to stop
generating and resume purchasing power from their distribution utility or from the market.

New Opportunitiesin a Restructured Electricity Market

A new dectricity market opened in Cdifornia on March 31, 1998 giving direct access, that is, a
choice of energy service providers, to dl dectricity customers in the sate located within the
sarvice territory of one of the Utility Distribution Companies’ (UDCs), with the purchase of a
specia meter.® Direct access by customers to non-utility Energy Service Providers (ESPS) for
electricity was made possible by the passage in September of 1996 of California dectricity
restructuring legidation contained in Assembly Bill 1890. Under AB1890, the UDCs are
required to make all their power purchases from the state-created market for power caled the
Power Exchange (PX). Any generators of eectricity are dlowed to bid their power into this
wholesadle PX auction market. An Independent System Operator (ISO) was aso set up to
manage the Cdiforniatransmisson system and to ensure the availability of power.

The regtructuring plan aso provides for divedtiture of UDC generating assets, UDC stranded
asset recovery and preservation of public interest programs. Each of these components has an
effect on the market for distributed energy resources, including CHP.

Divestiture

As part of restructuring, the utilities have been encouraged to divest themsaves of 50% of their
generation portfolio in order to reduce the opportunity to exercise market power. They have
opted for strategic reasons to over-comply and sall most of their generation capacity. Notable
exceptions are the SCE hydro (1,150 MW), SCE nuclear (1,600 MW), SCE out-of-state
(5,000 MW of fossl and nuclear), PG&E nuclear (2,160 MW), and PG&E and SCE power
purchase and QF contracts. The balance of the centra station generation has moved into
private hands, and there is indication that the new owners will repower or otherwise modify the
units to operate more efficiently. There are many opportunities to sell the energy from these
plants as wholesdle bulk power through the PX or other exchange, or to serve the ancillary
sarvices market of the 1SO, as wdll as traditiond bilatera short or long term contracts with
UDCs. Owners will operate the plants to maximize profits on energy saes, not to obtain a fair
rate of return under a managed regulatory regime.

® Pecific Gas & Eledtric (PG& E), Southern California Edison (SCE) and San Diego Gas & Electric (SDG&E)
® Direct access is withheld from customers of municipal utilities except upon a decison by the
municipdity to open its territory to competition.
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Sranded Asset Recovery

UDCs are dlowed under the California restructuring to recover 100% of their stranded asset
cods, investments made in a past regulatory environment that would hamper future UDC
competitiveness. Mgor components of the cost include the congtruction and operation of the
nuclear generating stations and PURPA sandard offer contracts. Stranded assets are
recovered through a Competition Transition Charge (CTC) that appears on each customer’s
bill. New generators (those committed after December 20, 1995) must also pay CTC, based
on metered output of the generator. CTC is not charged for customer demand side energy
efficiency initiatives or for photovoltaic (PV) sysems smdler than 10kW. All CHP projects will
have to pay CTC until June 30, 2000 when these projects become exempt. Rates of dl
cusomers are frozen at exising levels until CTC is pad off; lower energy prices for the
customer result in faster CTC collection, and vice-versa.  Sales of the UDC power plants, most
of them transacted quickly and a a premium over book vaue, have dso paid down stranded
asset totals’. Early payment of stranded costs does not effect the rate at which CTC is
collected, it hastens the date a which current CTC charges will disgppear. San Diego Gas and
Electric (SDG&E) paid off its CTC in July of 1999. Pecific Gas and Electric (PG&E) may pay
its CTC before July 2000, depending on the sde of its hydro-electric power generating assets.

Public Interest Programs

Public interest programs, such as energy efficiency, renewable energy sources and energy
research, continue to be funded under AB1890. Control of the funds generated by the public
goods charge, $201 million in 1998, lies not with the UDC, but with a new entity called the
Cdifornia Board of Energy Efficiency (CBEE). The Board is gppointed by the

CPUC and has been funded through the year 2000. The energy efficiency funds do not
currently reward CHP projects directly; fud switching is disdlowed, and no incentive is
available for generating eectricity ondte or for heat recovery from generation processes. The
indirect potentia benefit to CHP from the public interest moniesis through energy research.

Competition

Although retall sde of power has been sagnant in Cdifornia, the wholesde market is extremely
active. As mentioned above, mogt fossl units in the date are now in the hands of private
owners, mogtly utilities heedquartered in other states, who plan to produce power as cheaply as
possible and sl it at a profit to the PX. Recent capacity congraints, the high price of dectricity
in Cdifornia and the redtructuring legidation, has created a flourishing wholesde market for
power, and has encouraged siting plans for new merchant power. The CEC has anticipated and
potential siting cases before it for 14,360 MW of combined cycle power plants’.

" Kathryn Kranhold, “As Industry Changes, Utilities Find Surge of Interest in Power Plants’, Wall Street Journd,
October 26, 1998

8 Correspondence with Mait Layton of CEC, August, 1999.
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The impact of these changes on the future of CHP in Cdifornia is gtill unclear. Reduction of
retail dectricity prices brought about by competition in the wholesde markets may reduce the
electric rates paid by large indudtrids, decreasing the value of power generated on-Ste and
lengthening the payback on CHP projects. Large CHP ingalations depending on excess
power sales will have to compete with the other wholesdle generators. The centrd station and
new merchant generators may have dispatchability and cost advantages over CHP.

At the same time, smdl-to-medium-szed indudtrid facilities and commercid/ ingtitutiond
fecilities may see their peek dectricity rates increase, increasing the value of on-pesk use of
CHP. Some customers may vaue the added rdiability of CHP, others may be interested in the
sde of CHP ancillary services. In any case, cusomers who are consdering ingtaling CHP will
need to maich ther internd dectric and heet loads with the vaue of energy to maximize the
return on CHP. Coupled with improvements in technologies and pending policy initigtives
amed at encouraging CHP, the customer base for economic within-the-fence CHP systems has
the potentia to expand considerably as an important subset of distributed generation.

Although wholesde competition and customer eectricity prices are key to CHP project
economics, comparing distributed resources with the centra-power busbar costs is no longer
the objective. Competing with the cost of energy and energy services as delivered &t to the end
user is the true benchmark. Busbar cost from a power plant could be low, yet the delivered
price, after incuding the T&D cog, cost of congedtion, timing, reiability, avalability, power
quality may be high enough for the user to redize savings through CHP. This digtinction will be
a criterion in etablishing the true market potentid. Also, this change in benchmark dso makes it
difficult to project market potential since dl the parameters which determine the delivered cost
of dectricity are dill evolving with the unbundling process.

The market for CHP in Cdifornia appears to be both helped and hindered by the passage of
AB 1890. The changes brought by restructuring, and the publicity surrounding them, has
increased the customer awareness of the options available for managing dectricity costs. CHP
has a new opportunity to meet the energy needs of customers more effectively and efficiently
than has been possible heretofore. The new opportunity for CHP has attracted growing interest
among policymakers to promote an expanded role for CHP and other distributed generation
technologies. CHP opportunities need to be carefully andyzed to ensure cost effective
implementation and applications. To effectivdly compete in  these markets CHP will dso have
to overcome barriers that existed before restructuring, embedded in the established behaviors of
the UDCs and regulatory agencies. These barriers need to be addressed before CHP can
deliver the full range of its benefits.
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Potential Benefits of CHP

Efficiency

Power generation systems cregte large amounts of heet in the process of converting fud into
eectricity. Over two-thirds of the energy content of the input fuel is converted to heat and
wadted in many older centrd generating plants. As an dterndtive, an end-user with sgnificant
therma and power needs can generate both its therma and dectrical energy in a sngle
combined heat and power system located at or near itsfacility. Figure 2-1.1 shows how awdll-
baanced CHP system outperforms a traditional remote eectricity supply and on-site boiler
combination. The chart illugtrates that out of 100 units of input fud, CHP converts 80 to useful
work, 30 to eectricity and 50 to steam or some other useful therma output; traditiona
separated heat and power components require 163 units of energy to accomplish the same end
use tasks. While future centra gtation plants will be able to generate dectricity more efficiently
than the 30 % average rate used in developing the chart, CHP ingtdlations with proper thermal /
electric baance have design efficiencies of 80 - 90 % and will ill result in Sgnificant overal
energy savings.  On-site use of CHP adso reduces transmisson and didtribution system line
losses to zero from typica centrd unit line losses of 4% to 12%. (We have used afigure of 7%
line losses consstently in this report.)

Emissions Reductions
By increasng the efficiency of energy use, CHP can sgnificantly reduce emissons of criteria
pollutants such as NOx and SO2, and non-criteria greenhouse gases, such as CO..

Figure 2-1.2. Comparison of NOx Emissions from Electricity Generating
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Figures 2-1.2 and 2-1.3 show NOx and CO, emissions comparisons respectively by power
generation technology and fud type. While reductions in both NOx and CO, result from
moving from solid and liquid fuels to naturd gas, the figures show the added reductions that
efficency can provide. CHP technologies can sgnificantly reduce emissions and compare
favorably to advanced low emission centrd sation technologies such as gasfired combined
cycle. The Cdifornia dectricity mix emissons in the figures include both in-state and out-of-
dtate generation.

Figure 2-1.3. Comparison of CO, Emissions from Electricity Generating
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Economics

The primary economic driver for CHP is production of power at rates that are lower than the
utility’s delivered price. Figure 2-1-4 demongrates graphicaly how CHP compares with
traditional central sation generation combined with the necessary transmission and distribution
(T&D) to move the power to the load. Cdifornia companies currently have average
commercid and industrid eectricity rates that are higher than 80 to 90% of dl customersin the
U.S. -- $0.097/kWh for commercia users and $0.063/kWh for indugtrias.
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Figure 2-1.4 Cost of Power from On-Site CHP versus Delivered Price
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By comparison, the cogt to produce dectricity from a CHP system using an industrid-sized gas
turbine, including fud, capitd and operation and maintenance (O&M) expenses, is less than
$0.04/kWh for baseload purposes. This cost compares favorably againgt a baseload centrd-
gation combined-cycle plant at the busbar even before T& D charges are added in. As shown
in Figure 2-1.4, CHP aso can compete againg large smple cycle gas turbine plants for
intermediate load purposes and pesking power once T&D costs are factored in. The T&D
charges represented in this exhibit include 7% line losses and a $150/kW investment.

The cost of CHP varies, of course, by application, technology, and grid circumstances, but as
this example illugtrates, the economic fundamentas will frequently favor CHP. In arestructured
environment, users may aso begin to place significant economic vaue on the stand-by capability
and increased power rdiability that CHP can provide, further enhancing the potentid economic
benefits of on-site CHP.,

Ancillary benefits
In a restructured eectric industry, CHP and other distributed generation options can offer grid
support to the didribution utility. They dso give energy service providers (ESPs) or users the
ability to offer ancillary servicesto the system, including:

* Voltage and frequency support to enhance reliability and power qudity;

* Avoidance or deferrd of high cogt, long lead time T& D upgrades,

* Bulk power risk managemen;

* Reduced line losses, reactive power control;

* QOutage cost savings,

* Reduced centra station generating reserve requirements,

* Transmisson capacity release
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Energy services providers are working now to determine the quantity and vaue of benefits
derived from grid support and ancillary services that accrue from ingtaling CHP and other DG
systems.

CHP offers a customer enhanced reliability, operationa and load management flexibility (when
as0 connected to the grid), ability to arbitrage eectric and gas prices, and energy management,
including peak shaving and possibilities for enhanced therma energy storage. The vaue of these
benefits will depend on the characterigtics of the facility, the form and amount of energy it uses,
the load profile, the rate tariffs, prices of dectricity and gas and other factors. A facility making
a CHP purchase decison will have to condder the ancillary benefits, including the revenue
stream possible from sde of the transmisson and digtribution benefits to the ISO and reduced
operating costs, along with the other costs and benefits of the project.

Market Barriers

Higoricaly, CHP and other forms of on-gte generation have faced severe market and
regulatory barriers. These include utility practices and electricity rate designs that discourage
on-dte generation, lengthy and costly environmenta permitting and Siting processes, uneven tax
treetment of on-dte generation assets and high customer hurdle rates for energy related
invesments.

Utility Practices Barrier: Grid Interconnection

The optima economic use of CHP for most customer's requires integration with the utility grid
for back-up, supplementa power needs, and, in sdected cases, for marketing or whedling
generated power. Systems isolated from the grid generaly are more capita-cost intensive and
provider fewer benefits to customers and the grid than do grid-interconnected systems.
Therefore, the key to the ultimate market success of CHP is the ability to safely, rdiably and
economicaly interconnect with the exigting utility grid sysem. And if properly deployed, CHP
systems can enhance system reliability, decrease the likelihood for system outage and contribute
to the maintenance of the ability of the system, i.e., correct voltage and current characteristics
sysem-wide. However, grid interconnection requirements for saf-generators, as they exist
today, are a sSgnificant barrier to more widespread economic deployment of CHP.

Interconnect requirements for on-Site generation have an important function. They ensure that
the safety and reiability of the eectric grid is protected, and the UDCs have ultimate
responsbility for system safety and rdliability. For the UDCs, there are three primary issues.
Firg, the safety of the line personnd must be maintained & al times. UDCs must be assured
that CHP and other on-site generation facilities cannot feed power to aline that has been taken
out of service for maintenance or as the result of damage. Second, the safety of the equipment
must not be compromised. This directly implies that a CHP system failure must not result in
damage to the utility system to which it is connected or to other cusomers. And third, the
reliability of the digtribution system must not be compromised.
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There is no question about the importance and legitimacy of these basic concerns. However,
the existing UDC requirements to address these issues vary from utility to utility. There is no
standard approach that manufacturers and developers can follow.  Compliance often requires
custom engineering and lengthy negotiations that add cost and time to system inddlation. These
requirements can be especialy burdensome to smaller systems (under 500 kW). Non-standard
requirements aso make it difficult for equipment manufacturers to design and produce modular
packages. Whether the technology is a micro-turbine, fuel cdl, engine-generator set, or
industrid gas turbine, the lack of consstent interconnection standards hampers the efforts of
manufacturers to realize economies of scale and discourages the economic  business case for
CHP.

A review of the mgor Cdifornia UDC interconnect procedurd requirements shows a long and
involved process. This process requires site-by-ste andyss by both the developer and the
UDC, design of an appropriate package for that unique site, and Site inspection and testing, in
many cases by a third party, before approva to operate is granted. These interconnection
studies can cost between $2,000 and $20,000 or more, depending on the voltage of the project
and many other factors. The study may be lengthy and the outcome is completely uncertain at
present. The amount and type of protection is currently completely at the discretion of the UDC,
which may have a compstitive interest in the outcome. The actud system protection required by
the UDC can easlly make an otherwise cost effective project uneconomic. This is one of the
magor barriers to deployment of CHP and al other distributed energy resources.

Utility Practices Barrier: Sandby Charges

On-gte CHP usudly requires back-up power to cover downtime for routine system
maintenance or for unplanned outages. Standby rates are a fixed monthly charge for reserved
generation and digtribution capacity to provide back-up power. Generdly, sandby service is
billed based on the rated capacity of the CHP unit or customer pesk demand, whichever is
lower. Asan example, an on-site CHP system in SCE territory will currently pay $6.40/kW for
gandby service (the standby rate contains a CTC component, which will disappear after CTC
is recovered; the customer in this example will ill pay a standby fee of $3.74/kW after the
CTC is recovered under the current SCE tariff). This rate is essentidly equa to the facilities
related component of the demand charge.

Should a customer actudly require back-up power, additiond charges are invoked that reflect
the cost of supplying power to a sdf-generation customer during an outage. These back-up
charges often contain an additiond demand charge. Mogt Cdifornia IOUs have high monthly
electric demand charges that are levied againg sdf-generation in their entirety even if only
needed for a brief time period during an unscheduled outage in a month (even as briefly as 15
minutes). Thisisin addition to an energy charge that is based on kWh used during the outage.
Unreasonably high costs for these services (standby rates and back-up charges) has been a
barrier to on-dte generation in the past. As restructuring proceeds, these charges as currently
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configured may not necessarily reflect a utility's actud cost, nor do they necessarily reflect the
diversity of CHP resources on the system.

Table 2-1.1 shows an example of the standby and back-up charges incurred by a typical
industriad CHP customer which is 92% available, but which uses standby at least 15 minutes per

Table 2-1.1 Standby/Back-up Charges

Annual Back-up/Standby Charges
Outage Hours

Summer Outage Hours

Winter Outage Hours

Summer Outage Energy Charge
Winter Outage Energy Charge

Summer Outage Demand Charge
Winter Outage Demand Charge

Standby Charge

Total Back-up/Standby Charges

California Case lllinois/Texas Case
456 456
190 190
266 266
$14,668 $14,668
$14,613 $14,613
$121,300
$52,955
(Included in above) $45,000
$203,536 $74,281

month. The Cdifornia case is for an SDG& E customer and includes monthly demand charges
applied to the entire month even though the outages are of short duration. Illinois and Texas are
examples of dates that have determined that monthly demand charges are inappropriate for
backup, and in those states, back-up charges are for the energy component only.

The economic impact of these two gpproaches is illustrated in Table 2-1.2 for a typical

Table 2-1.2 Impact of Back-up/Standby Charges on CHP Economics

Annual Costs Grid Purchase | California Case |lllinois/Texas Case
Capital Carrying Charge $130,000 $130,000
Fuel Cost $157,320 $157,320
Cogeneration Heat Credit ($78,660) ($78,660)
O&M Cost $62,928 $62,928
Back-up/Standby Power $203,536 $74,281
Total Cost $441,309 $475,124 $345,869
Total Electric Generated (kWh) 5,244,000 5,244,000
Total Electric Bought (kWh) 5,847,000 603,000 603,000
Average Power Cost ($/kWh) $0.0755 $0.0906 $0.0660
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industrial customer® It is evident that high charges such as these can be debilitating to self-
generation economics and introduces an uncertainty that makes capitd investors wary.

Utility Policy Barrier: Sranded Assets and CTCs and Departing Load

Under mogt date restructuring plans utilities are being permitted to recover stranded assets that
were incurred on behaf of their customers under previous regulatory arrangements. In many
dates, tariffs for sranded asset recovery are non-bypassable, and customers ingtdling on-site
generation pay afee on the kWh they generate as well as purchase, or they may be charged a
onetime exit fee equd to their share of the expected stranded cost if they dect to leave the grid.
Other dates have decided to charge on-site generators exit fees for potentidly unused
digribution assets even after dranded generation and transmisson assets are completely
recovered through the restructuring trangtion period. However, these same dates do not
attempt to apply such charges to kWh reductions resulting from demand side management or
other energy efficiency investments by the customer. Application of these charges to efficient
on-gte generation projects can sgnificantly impact the economics and delay widespread
implementation of CHP.

AB1890 gives the investor-owned utilities in Cdifornia the same opportunity to reasonably
recover their stranded costs, which are those generation investments they made that are above
the competitive market. The stranded cods are recovered through a CTC (Competition
Trangtion Charge) a charge per kilowatt hour (usudly) applied on dl customer bills to pay
down the stranded assets. However, in Cdifornia, CHP, unlike any other form of distributed
generation, has three potentid exemptions from the CTC. Firg, if the CHP system was
operationd before December 1996; second, if the system becomes operationa after June
2000; and third, if the systsem comes on line between 12-1996 and 7-2000 and has full
"blackstart capability”, which is the ability to start up and run without any support from the grid.

A customer tha builds a CHP system which is not exempt (built between 12/96 and 7/00
without proving blackstart capability) and which relies on this power will be billed a departing
load charge. This charge, sometimes cdled an exit feg is caculated by the utility as the
difference between what the customer would have pad if they had stayed on the system and
what the customer pays after departing. The customer pays departing load charges monthly in
addition to any other gpplicable tariffs. This departing load charge applies even if the customer
supplies 100% of its power on-site.

While the exemptions provided for CHP and the acceleration in recovering stranded assets has
lessened the impact of stranded asset recovery on the CHP market in Cdifornia, it remains a
serious barrier in many other dates. It should aso be noted that severa commenters

® This example assumes a CHP system capacity of 1000 kW, Heat Rate (BtwkWh)-HHV 10,000, Ussful Heat per KWh
of 3500, Gas Price (¥MMBtU) of $3, Boiler Efficiency of 70%, O&M ($kWh) of $0.0120, Availability of 92%,
Capita Cost (kW) of $1000, Capitd Recovery Factor of 13%, Full Load Hours 5700.
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representing the utility industry recommended imposing exit fees and/or a new stranded
distribution cost recovery charge on customers ingaling on-ste generation as part of therr initia
filingsin the recent Cdifornia Public Utility Commission's OIR on distributed generation.

Environmental Barriers

The mogt notable environmenta barrier for CHP is the ar qudity permitting process and
regulatory requirements. The ar quality permitting process for various CHP technologies can
be long, complex and costly. New CHP ingdlations using turbines and 1C engines are typicaly
required to meet stringent NOx emission standards not required of existing equipment or centra
dation generating plants. These factors result in additiond costs and time that burden CHP
€Cconomics.

The complexity of permitting results from regulatory requirements that differ anong the various
ar didricts. The lengthy permitting process results from the evauation of New Source Review
(NSR) requirements such as best available control technology (BACT) and lowest achievable
emisson rate (LAER), as well as addressng emisson increases that must be offset by emisson
reduction credits (ERCs). The costly component of air qudity permitting not only results from
the lengthy permitting process but the potentiad need to ingtal more costly controls and/or the
need to purchase ERCs to offset emissions.

Thear quality regulatory requirements differ from digtrict to district because not al districts have
the same rules to implement thelr attainment srategy plans. Didricts that exceed the ozone
gandards have more stringent permitting requirements, as well as source specific requirements,
compared to the requirements of didtricts that meet the ozone dandards. Therefore,
approaching the permit process requires complying with loca standards and regulations and
typicdly requires a customized gpproach for each didrict. Some didricts may require more
information than others, processing fees may be more expensive and air toxics impacts may be
of concern in certain areas.  Furthermore, regulations continue to change as technology
improves and as the didrict gpproaches attainment, or conversdy as the didrict's air quaity
worsens.

The permitting process can be lengthy and costly particularly for CHP projects requiring NSR
permitting. When an emisson standard and/or control technology is demondrated in the field,
digtricts tend to adopt the most recent and lowest standard as the benchmark for meeting
emisson standards. For example, with respect to gas turbines, regardless of the sze (eg.,
MW), the same type of controls and emission standards are imposed on the

gmadler units as are imposad on much larger turbines, even though there may be ardaively high
cost for control ingdlations. Demongrating that a type of control technology is not feasible or
not cost-effective can result in many iterations and negotiations with the loca air didtrict, as well
as ovearsght date and federd agencies.  With respect to emisson dandards, typicaly
concentration rates (ppm) are set a emission standards, and these generdly do not reflect the
resulting efficiencies associated with thermd output; that is, output-based standards are not set
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for CHP-type sources (i.e., Ib/MW-hr, including power and therma output) thet give credit to
the high efficiency benefits of CHP. Additiondly, depending on the project configuration,
location and aggregate emissions of a CHP project, emisson offsets may be required. This can
be codlly if the loca supply of offsets is low; sdlers may increase their sdle price. With ongoing
merchant power plant development in severd digtricts throughout Cdlifornia that are potentia
candidates for benefiting from CHP, the emission offset issue may become a much more costly
item in the permitting process.

Although CHP has provided environmenta benefits historically, those benefits have not been
accurately quantified to date and are not currently captured or accounted for in the permitting
process. The grid emisson reductions are not ceptured in any exising emission trading
programs in Cdifornia Regulators remain skepticd of trading uncertain regiond emisson
reductions for more certain locd arr qudity impacts. In CHP ingdlations where boiler offsets
are created by taking an existing boiler off-line, CHP has the advantage of using those emisson
offsets for the CHP permit instead of having to pursue offsets in the open trading market. Since
new CHP technologies are clean and efficient, credits from the boiler may be adequate to cover
al the offsat need while meeting thermd demands and generating eectricity for internd or offdte
use.

Financial Barriers

Inconsstent tax trestment of CHP investments is an additiond hurdle to widespread market
development. On-Site generation systems do not fal into a specific tax depreciation category.
Digributed generation can qudify for one of severa categories depending on configuration and
ownership, so that the resulting depreciation period can range from 5 to 39 years. Exigting
depreciation policies may foreclose certain ownership arrangements for on-gte generation,
increasing the difficulty of raising capitd and discouraging development. Industrid depreciation
schedules ramp down over afifteen year life of equipment; commercia technologies have 25-35
year depreciation period. This disparity puts CHP a a competitive disadvantage when
compared to central station power. The rationale was that turbines used for generation were
exhibiting lifetimes of 25 years and greater in utilities where turbines were used only to provide
peaking power.™®  This assumption, however, is incorrect for many potential CHP applications.
Some members of the distributed generation community believe that a5 to 7 year depreciation
schedule would more accurately reflect the economic life of on-gte generation equipment

There are two initiatives underway & the federa level that would move toward a more fair tax
treatment of CHP. DOE and EPA have been working with the Department of Treasury to
review exiging depreciation categories for on-dte generation equipment.  Treasury is
consdering dlowing on-dte equipment in buildings to qudify for a 15 year depreciaion
schedule, smilar to on-Ste generation equipment in indudtrid gpplications. Treasury has dso

1% Steve Bernow and Michadl Ruth, “Combined Heat and Power Systems
Provide a Cogt-Effective Opportunity for Carbon Reductions’, Tellus Ingtitute Newdetter, Vol. 7, No. 1 - March
1999, p2.
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indicated that it will be reviewing of depreciation schedules for on-gte generating equipment in
generd, and may make recommendations for changes within 12 months. The Administration
has also proposed an investment tax credit for CHP as part of its eectric restructuring proposal.

Sting Barriers

Siting of CHP equipment involves approva by local agencies and acceptance by the affected
communities. Also, the loca utility digtribution company must approve the grid interconnection,
as previoudy discussed. Agencies include local the fire departments, building departments,
planning departments, and air qudity didricts. On a policy and planning leve, loca community
planning groups may adso be involved;, such groups monitor the growth issues of their
community, as well as actively participate in the land use planning issues. Any CHP sSites over
S0MW will need to gpply for sting review by the CEC.

Mogt of the concerns and issues involved in the CHP sting process are legitimate land-use
planning and community safety issues. The additiond burden on CHP come from a lack of
knowledge by loca authorities and community leaders of CHP technologies. This fact is not
helped but hindered by the lack of standards for small CHP equipment. Most CHP equipment
operations are farly sraightforward, but some agencies request information that can delay
inddling the equipment, due to unfamiliarity with the technology. The agencies sometimes
require construction ‘over-design', which can increase the cost of ingtalation.

As mentioned above, standards are not developed for smal CHP units. Fire departments must
enaure that there are no fire and safety hazards, with the potentid ingtdlation of smdl units in
common places such as shopping centers and other generd public spaces, such units come
under much more scrutiny.  Likewise, building and congtruction ingpectors lack of familiarity
with the units can result in requirements that exceed current standards and codes. Because CHP
equipment may be required to ingtal air pollution control technology, hazardous materids (e.g.,
ammonia, sulfuric acid) may be involved. Additiona gpprovas are needed to ensure onste
safety, and proper handling and transport of hazardous materids, as wel as ensuring that
measures are taken to minimize and diminate accidental releases of hazardous materids.

For units that may be sted in neighborhood communities, issues that arise include noise and
visua/aesthetics, as well as air qudity impacts for certain types of CHP units. Land use issues
arise if there is a concern with zoning or proximity to sendgtive receptors such as schools,
hospitals, day care centers and environmentally sensitive areas.  For aress that are rapidly
growing, amendments must be made to zoning and/or the land use plans if a proposed Steis not
properly zoned; this can be timdy and involve not only an agency review but community
acceptance. Depending on the level of community concern and lack of knowledge of CHP
technologies and benefits, CHP projects may be faced with meeting conditions beyond
standards and requirements governed by agency requirements and be designed as projects
prescribed by community needs.
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Findly, with respect to air quaity impacts, areas that do not meet the ozone standards (e.g.,
non-attainment areas) typically require more stringent requirements, such as emission controls
and emission offsets. In areasthat dready do not meet the sandards, community members may
perceive that CHP units are smply adding to the current pollution in the area while providing no
additiond benefit. In areas that are currently burdened with industrid sources or where a
disproportionate amount of pollution exists (e.g., environmenta justice aress), there can be
more scrutiny of the Sting of such units,

2.2 Existing CHP in California

National versus California CHP Capacity

The past higtory of the U.S. market for CHP could be divided roughly into three phases: the
early industrial phase, the PURPA ascendance and the PURPA decline. (See Figures 2-2.1 and
2-2.21). As mentioned previoudy, the early industria need for stleam and eectricity among
certan energy intensve indudtries, such as pulp and paper mills, chemicad plants and il
refineries, drove the pre-1970s market. By 1950, there was dready an ingtalled capacity of
CHP in the U.S. of 1,440 MW. During the fifties, the capacity grew a an annud rate of less
than half of one percent. During the sixties, thet rate grew to over 2.7% annua growth and at
3.3% during the seventies leading up the passage of PURPA. During the eighties, PURPA
nearly doubled that growth rate nationdly, driving annua growth to 6.3%. During the nineties,
average growth has remained over 5%, but that is mostly due to a large number of ingtalations
early inthe decade. Growth hastailed off condgderably in the last few years.

Figure 2-2.1. Annual Growth of Cogeneration, US and CA

Growth of Cogeneration Capacity

1 Other US
—e— California

1963196819731978.9831988.993 998
Pre 1950s

L All Figures 2-2.1 through 2-2.8 and Tables 2-2.1 through 2-2.3 are based on data from Hagler Bailly Conaulting, Inc.,
HB Independent Power Database, 1998.
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Growth of CHP in Cdiforniawas dramatically centered around PURPA.. Before its passage,
there were only 9 cogeneration units operating in the state. Over the next ten years, more than
380 additional cogeneration plants were built. The decade from 1988 to 1997 added over 270

Figure 2-2.2. Cumulative CHP, US and CA
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more units. Annual growth in cogeneration capacity went from less than 1% in the seventies to
27% inthe eighties. By the nineties, the rate had dowed to just over 4%. In 1998, after nearly
sixteen years of double-digit plant additions, only one cogeneration plant was added.

The CHP market decline in Cdifornia resulted from lower avoided cogts for power sold to the
grid and increasing utility resstance.  Utility resstance led to imposition of market barriers to
non-QF CHP and lower avoided cost became the basis on which utilities fought new QF
activity. Some cogeneration equipment manufacturers, however, aso believe that more stringent
gtate environmental requirements helped to depress the market for CHP in the 1990s.

Had growth in Cdifornia kept up with the remainder of the United States, the indaled
cogeneration capacity in the State would be more in the order of 8000 MW rather than the
exiging 6457 MW. Although growth in cogeneration leveled off in Cdifornia, the indudtrid
sector ill outpaces the rest of the nation, with 33 kW of CHP ingtdled in Cdifornia per million
dollars of shipment value, compared to 13 kW for the rest of the United States.

Historical Reliance on Salesto the Grid
Over 93% of existing CHP in Cdifornia relies on sales of dectricity back to the grid.*> Some
facilities sdl dl of the dectricity they generate, others use a portion on-site and sdl the balance.

2 Hagler Bailly Conaulting, Inc., HB Independent Power Database, 1998.
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This reliance on dectricity sdes as an economic driver for CHP reflects the impact of PURPA
and the initid standard offer contracts developed as aresult of that legidation. In arestructured
marketplace in which wholesde and retal prices of eectricity are expected to decline (see
Section 3), the ability of CHP unitsto sdll heat and power to facilities off-site will continue to be
an important determinant of success. The market assessment in Section 3 assumes that CHP

Table 2-2.1 CHP Reliance on Power Salesto the Grid

Sale to Grid No Sales to Grid
Technology MW Sites MW Sites
Boiler/Steam Turb 760.4 33 47.6 8
Combustion Turbine 2,859.0 P2 172.9 28
Combined Cycle 2,305.2 36 115.9 3
Recip Engine 1132 115 81.0 343
Fuel Cdll 0.1 2 2.0 8
Totds 6,037.9 278 419.4 390

systems will be szed to meet on-gte thermad and eectric loads, and that these systems must
compete againgt the retail prices for separate heat and power. (A future paper on Market
Transformation will discuss the future of CHP heat and power sdes, including an andysis of
barriers to sales and their impact on market penetration.)

The Disposition of the Existing California CHP Market

Distribution by Sector
There are currently 668 Combined Heat and Power stesingdled in Cdifornia, with a capacity
of gpproximatey 6457 MW. Although the number of stes is roughly equdly distributed

Figure2-2.3. Existing CHP, Number of Sites by Major Sector
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between commercid, industrid and ingtitutiona sectors (see Figure 2-2.3), the industrial sector
dominates overdl CHP capacity. Average indudtria ingalations are much larger in sze than the
commercid or ingtitutiona sectors, averaging over 26 MW per dte, for atota of 5,652 MW of
indalled capacity, while the commerciad Ste average capacity is less than 1.3 MW and the
inditutional Ste average capacity is about 24 MW, for totas of 323 MW and 482 MW

repectively.

Figure 2-2.4. Existing CHP, Share of Capacity by Major Sector
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Distribution by Fuel Type
CHP ingdlations in Cdifornia are dominated by naturd gas -- accounting for 600 of the 668
CHP ingdlations and amost 85% of MW capacity. The charts below give the proportiona

Table 2-2.2. Existinag CHP, Distribution by Fuel Type

Fuel Type # of Sites |MW Capacity |% of Total
Natural Gas 609 5,479.7 84.9%
Coal 7 313.0 4.8%
Waste Fuels 10 276.1 4.3%
Wood 15 194.1 3.0%
Waste Energy 4 83.0 1.3%
Wood/Waste 2 32.5 0.5%
Fossil Waste 1 27.0 0.4%
Agricultural Waste 2 25.0 0.4%
Biomethane 4 11.7 0.2%
Oil 4 11.6 0.2%
Biomass 3 2.8 0.0%
Propane 7 0.3 0.0%
Municipal Solid Waste 0 0 0.0%
Total 668 6,456.76 100.0%
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breskdown. Natura gas CHP ingdlation can be virtudly any sze, from the smdlest
reciprocating engine to the largest combined cycle unit. Cod, waste fuels and wood comprise
about 5%, 4% and 3%, respectively, making up about 97% of the existing Cdifornia CHP fue

use. Table 2-2.2 gives a complete breakdown of CHP fuel use.

Didtribution by Sze

Over 82 % of CHP ingdlations in Cdifornia are smdler than 10 MW (Figure 2-2.5), yet these

stes account for just over 8% of the capacity. The Situation isreversed for the large

plants. Those stes over 40 MW comprise only 8% of the dites, but account for dmost 68% of

capacity.

Figure 2-2.5. Existing CHP, Number of Sites by Plant Size
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Figure 2-2.6. Existing CHP, MW Capacity by Plant Size
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Distribution by Prime Mover

Reciprocating engines comprise 66% of the CHP gtes, but only about 2.5% of the MW
capacity; combustion turbines represent about 16.7% of the ingtdlations, and over 45% of the
ingaled MW capacity.

Figure 2-2.7. Existing CHP, Number of Sites by Technology
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Figure 2-2.8. Existing CHP, MW Capacity by Technology
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Distribution by County

Sixty-one percent of the capacity of existing CHP in Cdifornia liesin three counties: Kern, Los
Angeles and Contra Costa. Kern County has 8.4% of the Sites and over 29% of the capacity,
over 1918 MW. Los Angees has dmost 27% of the CHP dtes in the gate, with 21% of
ingtalled capacity, with over 1368 MW ingalled. Contra Costa County has less than 2% of the
dtes, but over 11% of the capacity, with 718 MW of CHP. Mot of the Kern county CHP
capacity is found in 41 combustion turbines that produce close to 1480 MW. Three large
combined cycle units produce another 320 MW. Los Angeles has 14 combined cycle units
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with about 929 MW of capecity; fifteen combustion turbines add 337 MW; and five boiler
driven steam turbines produce 77 MW. LA County has 142 reciprocating engines producing
24.5 additiond MW. There are 4 combined cycle units in Contra Costa County that produce
487 MW; 3 combustion turbines add 219 MW.

Kern and Contra Costa Counties have the large average capacity at 34.3 and 59.8MW
respectively. In Los Angeles County, due in part to the large number of reciprocating engines,
the average inddlationis 7.7MW.

Table 2-2.3 on the following page gives a complete breskout of al counties and mgor
technologies, with Site counts and capacity in MW.

Appendix 2-1 contains a complete listing dl existing CHP in Cdifornia by two-digit SIC for dl
indugtrid, commercid and inditutiona sectors—firt, by prime mover, then by fud type.
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Table 2-2.3. Existing CHP, County Listing of Sites and Capacities by Prime

Total Boiler/Steam Turbine Combined Cycle Combustion Turbine Fuel Cell Reciprocating Engine
County # of Sites MW Capacity # of Site MW Capacity |# of Site MW Capacity |# of Site MW Capacity [# of Site | MW Capacity |# of Site MW Capacity
Alameda 4 24.38 1 24.2 3 5.879
Amador 1 1.35 1 1.35
Butte 5 35.68 28.14 4 7.54
Contra Costa 12 718.12 2 11 4 487.3 3 219 3 0.82
Fresno 25 217.46 2 8.39 101.5 106.4 14 1.16
Humbolt 1 25.00 1 25
Imperial 1 7.50 1 7.5
Kern 56 1,918.56 4 117 3 320.4 41 1479.64 8 1.51
Kings 3 27.14 1 27 2 0.13
Lassen 2 19.34 2 19.34
Los Angeles 178 1,368.69 5 77 14 928.99 15 337.58 2 0.6 142 24.518
Madera 7 14.16 1 10 2 3.92 4 0.24
Marin 1 0.06 1 0.06
Mendocino 1 15.00 1 15
Merced 1 8.50 1 8.5
Monterey 17 208.78 1 121 3 78 13 9.78
Napa 1 3.00 1 3
Nevada 1 0.09 1 0.9
Orange 62 32.75 3 6.61 5 0.72 54 25.42
Placer 1 7.50 1 7.5
Plumas 2 32.00 2 32
Riverside 30 12.03 1 3.6 1 0.4 28 8.01
Sacramento 3 28.54 1 21 2 7.54
San Benito 2 1.08 2 1.07
San Bernardino 21 194.29 2 120 5 71.25 14 3.01
San Diego 113 265.35 3 107.2 2 58.7 14 51.92 94 47.529
San Francisco 6 40.93 1 13.25 13.42 4 14.25
San Joaquim 14 236.97 6 125.2 1 6.5 4 104.43 3 0.83
San Luis Obispo 2 0.54 2 0.54
San Mateo 2 35.60 1 30 5.6
Santa Barbara 14 77.57 1 49 4 27.46 2 0.4 7 0.71
Santa Clara 11 240.99 4 225.7 11.8 5 3.48
Santa Cruz 7 31.88 1 285 6 3.37
Shasta 4 100.40 3 58.4 1 42
Sierra 1 20.00 1 20
Solano 3 2.68 3 2.67
Sonoma 5 1.01 5 1.01
Stanislaus 2 55.40 2 55.4
Sutter 4 148.26 1 49.5 2 98.7 1 0.06
Trinity 2 17.50 2 17.5
Tulare 10 2.97 10 2.97
Tuolumne 1 0.01 1 0.01
Ventura 20 243.85 1 3 1 28.4 7 210.64 11 1.81
Yolo 6 7.31 1 35 5 3.81
Unknown 2 0.8016 2 0.16
Totals 668 6,456.70 41 808.03 40 2501.08 119 2951.87 10 2.12 458 193.646




Estimation of the Benefits of Existing CHP

CHP provides many benefits over separate heat and power (see Figures 2-1.1 through 2-1.3),
including energy savings, reduced air pollution, reduced transmission and distribution line losses,
increased fue efficiency and user economic savings. These benefits are not datic, of course,
and they depend on the CHP emission rate, central station emission rates, electricity prices and
many other factors. Energy customers and regulators need to be able to weigh the benefits of
CHP in order to make informed decisons on the use of CHP as a source of power for
Cdifornia. This section will estimate energy savings, economic savings, and NOx and CO,
reductions from existing CHP in Cdifornia

The following estimations are based on a comparison of exising CHP dectricity and heet
production with eectricity available on the grid from centrd generation units in combination with
a gasfired boiler. (See Appendix 2-2 for details) Assumptions for energy and economic
savingsindude®:

O Operating hours of 6000 per year'*;

W Transmisson line losses of 790;

O Centrd station efficiency of 9900 BtwkWh'>;

U Boiler efficiencies of 60%-90% (depending on Size);

0O CHP dectricity generation efficiencies of 28%-48% (depending on technology)*°.

Assumptions for user savings include:

O Electricity price (assumes exigting tariff) of $0.058";
U Capitd recovery factor of 13.5%;

O CHPfud codsof $3/ MMBtuy;

U Standby charges of 15%;

Assumptions for environmental savings indude'®:

O In-state NOx emissions of 0.46 IbsMWh;

O Average of in- and out-of-state NOx emissions of 1.56 |bsMWh;
U In-state CO, emissons of 872 IbsMWh;

O Average of in- and out-of-state CO, emissons of 1257 IbsMWh.

3 All figures are estimates of Californiaaverages based on contractor experience, unless otherwise marked. All numbers
are chosen to represent conservetive estimates.

" Hagler Bailly Conauiting, Inc., HB Independent Power Database, 1998, indicates the weighted average of
operating hours of all sectorswould be over 6400.

 Ibid.

% Ipid,

" A weighted average of UDC commercid and indugtridl rates

18 All emission rates are from Sierra Energy and Risk Assessment, SoCalGas UEG Customer End-Use Specific
Avoided Energy GT&D Costs and Emissions, 1997
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Annual Energy Savings

The estimated total eectricity generated by existing CHP sysems is over 38 million MWh per
year. Savings from transmisson and digtribution losses amount to over 2.7 million MWh per
year, ance CHP is located on the Ste where the dectricity is used. Tota central dtation
electricity displaced by CHP will equa the on-ste generation plus the line loss savings, over 41
million MWh. This represents about 15% of the expected dectricity usage in Cdifornia in
2000".

The edtimated total net energy savings from dl exising CHP in the state of Cdifornia, based on
the above assumptions, is approximately 227 x10™ Btu (TBtu). Displaced centra station
electricity generation accounts for 444 TBtu in energy savings, captured heet creates additiona
energy savings of 150 TBtu; in turn, the CHP systems consume 367 TBtu. The net energy
savings is about 75% of the energy that will be consumed by the Los Angeles Department of
Water and Power to serve their dectricity usage in the year 2000, or about 7% of the energy
consumed for electricity production in that same year statewide®.

User cost savings

The estimated internd cost for each CHP facility to generate dectricity is $0.052 per kWh;
thereisathermd credit comprised of the fud cost savings due to increased thermd efficiency of
CHP of $0.012/kWh, making a net cost for power internaly generated of $0.041 per kWh.
Cdifornia users of CHP saved over $580 million/year based on generating 38 million MWh of
power.

Environmental savings

Emission rates for centrd dations are changing rapidly, mostly because of the Best Avallable
Retrofit Control Technologies (BARCT) rules that are being implemented state-wide (BARCT
is agate-wide air quality rule unique to Cdifornia that was passed in 1988 to reduce emissons
from exiging sources). The environmenta benefits calculation is a amplification of the physica

redity of emissons on the Cdifornia dectric grid, which is extremely complex and not well-

understood. It is not known, for example, at what point a benefit will occur when there is a
reduction of dectricity use somewhere in the syssem. There is a difference between emisson
reductions and emission impacts. A ton of NOx in the Mojave Desert does not have the same
environmental impact as a ton of NOx in the LA Basn. Therefore, the results of the CHP
benefits outlined here should not be taken to correspond with improvements in air qudity or
movement toward attainment of National Ambient Air Quality Standards™.

19 |y
Ibid.
% Cdifornia Energy Commission, Electricity Report, November 1996. Assumes a heat rate of 10,300 and 4% line
losses.
! et by the federal Environmental Protection Agency asatarget for each state under the Clean Air Act.
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The data used for the following environmental savings estimation is derived from data obtained

through modeling runs of the ELFIN dispatch moded for PG&E and SCE.  An unweighted

average of PG&E and SCE totds were used for the caculation. The advantage of using

outputs of the ELFIN isthat it alows discrimination between system average emission rates and

margind, or in this case, incrementd emisson rates a the margin. The modd predicts what the

emission rates will be for some increment of emission reductions for units which experience a
reduction in operation in response to reduced demand for eectricity. Thisis more accurate than
taking a system average because it isolates affected units rather than assuming a system-wide
decrease.  The modding runs used were for a flat-load, in other words, a load with high

capacity factor, which CHP has. The study used as abasis for thiswork covers both CO, and

NOx, so there isa consstency of approach.

The reaults of the analysis (see Appendix 2-2) dlow use of ether in-state generation or in-State
plus out-of-Sate generation. The latter gives a more complete picture of the physica redlity of
emisson reductions from CHP, athough they require some care in thelr use. In particular, it is
necessary to remember that a ton of NOx reduced over the Grand Canyon does not help the
LA Basn (athough LA’s purchase of power from an Arizona cod plant does impact the air in
Arizona). NOx isaregiond problem since it contributes under certain conditions to formation of
tropospheric ozone which is very much affected by locd geography and weether. CO,,
however, is a greenhouse gas (GHG) which contributes to globa warming. Reducing a ton of
CO, emisson in Kyoto is as effective a reducing the potentia for globa warming as reducing a
ton of CO,inLos Angdles.

The incrementa totd (in-state and out-of-state) NOx emissions estimate for grid power in 1998
is 1.56 pounds per MWh. Theincrementd totd CO, emisson rate used here for 1998 is 1257
IbMWh. The in-state numbers, for comparison, are 0.46 for NOx and 871.8 for CO,. For
NOx, it may be more reasonable to compare CHP emissions to the in-dtate rate, since NOXx is
aregiond area of control. CO, isagloba region of control and so the combined in- and out-of-
date rate is preferable. CHP in Cdifornia has provided NOx reductions of aimost 7600 tons
per year (based on the in-gate rate) and CO, reductions over 26 million tons annualy (based
on the combined in- and out-of -state rate).

Table 2-2.4 shows emissions benefits of CHP by technology, both in-state NOx and tota grid
CO2 benefits. Negative numbers are emisson benefits (reductions), postive numbers are
disbenefits. The NOx dishenefit in the boilers is from the solid fud boilers, those that burn
primarily wood or cod. They show high NOx and CO2 emissions, significantly higher than the
emissons from the grid.

% Serra Energy and Risk Assessment, SoCalGas UEG Customer End-Use Specific Avoided Energy GT&D
Costs and Emissions, 1997.
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Table 2-2.4 Emissions Benefits of Existing CHP

CHP Technology In-state NOx Total Grid CO2

tons reduced tonsreduced
Boiler 1866 (3260344)
Combustion Turbine (5383) (12232656)
Combined Cycle (3973) (9768215)
Fuel Cell (4) (8553)
Engine (113) (783323)
Totals (7,607) (26,053,093)

Reliability Benefits

Ondte power generation, that is capable of running independently of the grid, increases the
religbility of power supply to the ste. When the power goes out to a facility, its CHP system
can continue to operate to meet the facility load and avoid the associated costs of the outage.
This increase in reiability has a vaue tha varies with the type of customer and his risk
preference.  Not al CHP systems are designed with the cgpability to operate in a grid
independent mode. Those that are provide an additiond rdliability benefit for the customer.
The vaue of increased rdiability due to onsite generdtion is as follows:

Rdiability Benefit = (Expected Outage Hours/yr) x (Outage Cog/hr) x (On-dSte generation
Avallability factor)

Ovedl, the U.S. dectric utility system is extremdy rdiable. Generation and transmisson grids
are desgned for aloss of load probability of lessthan one day in ten years. Didribution systems
are designed to meet the capacity needs of the system, but in some cases, especidly rurd,
resdential, and small commercid loads, they are vulnerable to sorm damage. In addition, utility
sysems may operate flawlesdy for severd years and then suffer a sgnificant problem (storm,
earthquake, or loss of a critical transmission system) that blacks out customers for 24 hours or
more,

As rdiable as the U.S. and Cdifornia utility sysem is, when an outage occurs, customers
experience damages. A reddentid customer may experience food spoilage, persond
discomfort, and loss of leisure time. A retail store or a restaurant will lose sdles. An indugtrid
customer will lose production and may lose the vaue of work in progress as well. For some
customers, like hospitas, the potentid outage costs relate to hedth and safety and are extremdy
high. For these customers, standby generation is dready mandated by code. For other
customers, CHP can provide a supplementary rdiability benefit. For this andyss, we will
assume that expected outages are 3 hoursyear for commercia customers and 2 hours/year (or
lessthan one day in ten years) for indudtrid customers.
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Determining outage costs per kilowatt-hour of unserved load for different customer classes can
be difficult. Thereis no established market to vaue these occurrences. Nevertheless, there has
been consderable andyds of this topic by the utility industry that we will use for this andyss.
Review of the outage cost literature shows that commercia customers have the highest outage
codts, followed by indudtrid, and findly residentid.

Customer Class Average Outage Costs*

$Unserved KWh
Resdentid $1-10
Commercid $25-60
Industrial $10-20

* Customer Demand for Service Reliability: A Synthesis of the Outage
Cost Literature, EPRI P-6510, 1989.

For this andlysis, we assumed an average commerciad cost of outage of $40/kWh and an
average indugtrid cost of outage of $15/kWh.

Findly, the rdiability benefits need to be discounted by the probability that the CHP system is
available to serve theload. When grid power goes down the CHP system must be able to pick
up the load. For most CHP systems, availability factors run a 95% or greater, so this
discounting effect is smal.

Sector Outage | Hours | CHP Annud Totd Exiging | Totd
Costs | /Year | Aval. | Rdiddlity | CHP (MW) | Reiahility
$'kWh Bendfit Benefit
($millions)
Commercia $40 3 95% $114.00 802 $91.4
Industrid $15 2 95% $28.50 5,653 $161.1
Tota $252.5
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2.3 The Technical Potential for CHP in California

Technical Potential versus Market Assessment

Market potentid is an esimation of market sze, condrained only by technologica limits—the
ability of exiding technologies to fit exising cusomer energy needs. The market potentia
becomes the starting point for an estimation of actua economic market sze. Section 3.0, CHP
Market Assessment, includes consideration of the economics of CHP and estimates penetration
into the marketplace under two scenarios.

Methodology

CHP is best goplied a facilities that have sgnificant and concurrent eectric and therma
demands. In the industrid sector, CHP thermd output has traditiondly been in the form of
steam used for process and for space heating. For commercid and inditutiona users, thermal
output has traditionally been steam or hot water used for space heating and potable water
heeting. It should be noted that the emerging definition of CHP includes production of
mechanicd drive/shaft power as wdl as dectricity and additiond uses for thermd energy such
as heat-activated cooling or direct process heating in contact dryers or heaters. This market
study focuses only on the traditiond form of eectricity and stearmvhot water CHP and does not
include these expanded gpplications. As such, the estimates of technical potentia generated are
limited and conservative, especidly in thein the commercid / indtitutiona market.

The methodology employed to develop estimates for the technicad potentid for CHP in
Cdiforniaconssted of the following steps.

Identify target applications (by SIC) that can support CHP based on their thermd and
electric loads and profiles

Identify the number of establishmentsin Cdiforniafor each of these SICs

Develop sze profiles for the SICs of interest (i.e., number of establishments by employee
Sze categories

Egtimate average dectric and thermd loads for the SICs of interest in each Size category
Edgtimate CHP potentid for each SIC and size category based on number of establishments
in each category and gpplicable dectric and thermd loads, and then subtract out existing
CHP capacity

A detaled review of the methodology isincluded in Appendix 2-4.
Industrial Sector

The andyss of CHP potentid in the industria sector was based primarily on energy profiles
contained in the Mgjor Industrial Plant Database (MIPD?). This database contains detailed

% petroleum Information / Dwights LLC, Major Industrial Plant Database, November 1998
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electricity and steam use data for the 18,000 largest indudtrid facilities (generdly, those facilities
with eectric loads > 1 MW) in the United States and covers dl manufacturing SICs:

20 Food and kindred products,

22 Textile mill products,

23 Apparel and other textile products,

24 Lumber and wood products,

25 Furniture and fixtures,

26 Paper and dlied products,

27 Printing and publishing,

28 Chemicdsand dlied products,

29 Petroleum and coa products,

30 Rubber and miscellaneous plastics products,
31 Leather and leather products,

32 Stone, clay, glass, and concrete products,
33 Primary metd indudtries,

34 Fabricated meta products,

35 Indugtrid machinery and equipment,

36 Electrica and eectronic equipment,

37 Trangportation equipment,

38 Instruments and related products,

39 Miscdlaneous manufacturing indudtries.

CHP potentiad was estimated directly for each of the Cdifornia facilities contained in the MIPD
database by andyzing specific seam and eectric demands and matching them to CHP system
profiles. Estimates were developed for smdler plants not contained in the MIPD by developing
gze didributions and totd energy use characteristics for these plants from information from the
Cdlifornia Energy Commission on California éectric and gas energy consumptior?* and the state
Employment Development Department (EDD) on employment®.  SIC-specific energy profile
and operating information from MIPD were then applied to develop dectric and thermd profiles
for CHP szing.

Screening of CHP gpplicability was conducted on the basis of plant size and eectric to thermd,

or E/T, ratio. Based on OSEC project experience and anadysis of existing CHP capacity, a
minimum size limit was placed on indudtrid facilities of 250kW. Plants with E/T rétios greater
than 1.5 were not considered as viable CHP candidates since their therma |oads were too small

for CHP to have sgnificant impact on the plant eectric demand. Systems were sSzed to match
thermal demand for dl plants except when E/T ratios were below 0.4. In these cases, CHP
capacity was limited to plant eectric demand (i.e., estimates of technicd potentia are limited to

# Cdifornia Energy Commission, Quarterly Fuel and Energy Report, 1997.
2 Cdifornia Employment Development Department, Employment Service form 202 (ES-202), September 1997
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within the fence CHP gpplications and assumed no sde of excess power to the grid). The
andyss aggregated the resultsinto the following Size categories

250kW - 1 MW
1MW -5MW
5MW - 20 MW
20 MW - 40 MW
>40 MW

Commercial / Institutional Sector

The analyss of CHP in the commercia and ingtitutiona (C&I) sectors was based primarily on
energy use profiles developed in the Commercia Energy Profile Database (CEPD®) and the
Commercid Buildings Energy Consumption Survey”’. A review of energy profiles in these
sources and the historical deployment of CHP in the C& | sectors produced the following target

goplications:
SIC  Applicaion
451  Airports
581 Restaurants
651 Apatments
701 Hotds& Lodging
721 Commercid Laundries
754  Carwashes
799  Hedth Clubs
805-6 Hedth Care
821-2 Education
84 Museums & Zoos

These gpplications represent over 75% of the existing CHP market in the C&| sectors. Al
have significant and concurrent eectric and therma loads as shown in Table 2-3.1.

Table 2-3.1 Typical Electric and Thermal Loads for Select Commercial Applications

Application Average Electric Electric/Thermal
Demand (W/sq ft) Energy Ratio
Education 1-2 0.7
Health Care 3-4 0.9
Lodging 2-3 0.9
Food Service 5-6 2.8
Office Buildings 3-5 2.6
Food Sales 8-9 10.6
Apartments 0.7 kW/unit 0.8

% Petroleum Information / Dwights LLC, Commercial Energy Profile Database, November 1998
" Energy Information Administration , Commercid Buildings Energy Consumption Survey, 1996
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Similar to the methodology used in the indudtrid sector, the number of C&I1 establishments
contained in specific 9ze categories was estimated usang Cdifornia employment data and
electric demand estimates from the data sources identified above. Based on OSEC experience
and andyss of exising CHP capacity, a minimum Sze limit was placed on potentid C&l
facilities of 50 kW. In addition, potentid CHP candidates were limited to C&1 facilities with
E/T ratios between 0.5 and 3.0. The andyss aggregated the results into the following system
Sze categories for C& | sectors.

50kW - 250 kW
250 kKW - 1 MW
1MW - 5MW
5MW - 20 MW
> 20 MW

Limitations

Severd limitations to the andyss suggest that the resulting estimates of market potentid are
conservative: there are additiond potentia CHP applications beyond those sdlected for analysis
in the C&| sector, but data were not readily available to accuratdly estimate potentid in these
goplications with confidence; dl sysems were szed to produce only enough cogenerated
eectricity that could be consumed with-in the plant or facility ingdlation; non-traditiond forms
of CHP (i.e.,, shaft power and heat activated cooling loads) were not considered; and the
technicd potentid was estimated only for exigting facilities, the potentia represented by growth
inthe industrid and C& | sectors was not included.

Figure 2-3.1. Saturation of the Industrial Market
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I ndustrial Sector Results

Summary

Following the methodology described above, the technical potential for CHP at existing
industrial fadilities in Cdifornia is esimated to be 6506 MW?. The technica potentid a
existing Commercid and Ingtitutiona Sitesis estimated to be 5602 MW.

A summary of the technica potentid for the industrial market by sector is presented in Figure 2-
3.1. The figure dso shows the current saturation of each sector. In most cases, the grestest
remaning CHP potentia liesin those indudtries that have traditionally used CHP in the past and
that have high steam consumption.

Reaults for the industrial markets are for various size categories in Table 2-3.2. The Petroleum
industry represents the largest opportunity for new CHP with over 2100 MW of potentia

cgpacity, dthough it does not have the highest existing indtaled capacity. Asthe datawill show,

much of this potentia is contained in afew large Stes. Food processing has the highest current

saturation of CHP, over 42% of total CHP capacity having been aready indaled. (Saturation
is calculated by dividing exising MW by totd ingallable MW—exigting plus potentid—for a
particular sector.) Food processing aso has the second largest opportunity for additional CHP
with close to 1400 MW of new capecity possible a exiging dtes. The potentid in food
processing is spread across al size categories. The Pulp and Paper, Chemicas and Lumber
and Wood industries represent sgnificant CHP opportunities as well, with 978 MW, 726 MW
and 505 MW of potentid capacity respectively. The remaining industrid markets represent

closeto 820 MW of potential CHP capacity in total.

Figure 2-3.2. Total Industrial CHP Potential
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% This represents the total of MIPD MW, which are stated in actua pesk MW, and CEC-EDD MW, which are average
MW. The authors decided that the consistency in MW types was not worth the degradation of accuracy inherent in
converting the latter to peek MW or the former to average MW; the high capacity factor of the industria sector also
narrows or eiminates the gap between the two.

# qated in average MW for dl commercia and institutional sectors.
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Table 2-3.2 shows a complete breakout of the estimated industrid market potentid by SIC, by
Sze category (in MW) with total Ste counts. Sector breskdowns in terms of Size are useful to
begin to assess which technologies might apply to various industria applications.
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Table 2-3.2. Industrial Potential Sites and Capacity by Size Category and Sl C Code

Fotantial i & sites 25010 - 1 iy -5 ki 5= 20 by = 20 BV = 40 Wy = 40 MY TOTAL
ndusiral Sactor #of Sites WY Demand | #of Sites MW Demand | #tof Sies | MW Demand | & af Shies bW Demand | #of Sites |WMW Demand | # of $ites | MW Demand
20 [Food Procansing 354 2031 147 21 2 e B 154 9 [ 32 557 136010
22 Tastike hills 3 37 5 111 i 0.6 [ [l [ [l 14 156
23 |spparl 4 24 1 [iB! i 0.0 i oo i oo 5 25
24 |Lurnber & W 211 CEE ar E.1 12 17.1 2 524 E 1E0.5 68 5046
25 [Furmitui & Figlires 14 24 5 145 0 0.0 1] 0o i} 0 i 9
26 |Fulp & Papar 251 143 143 21 13 156 3 748 1 13 414 i
27 |Printing & Fubliching a 46 1 51 1 EE o oa i (il 11 170
I8 |Chamicals 85 453 a5 1628 3 513 1 05 3 4174 167 T3
2% |Petroleuen Producte 5 ol 41 EE3 21 s ] oo 15 17552 135 TR
30 |Rubber & Mise Plaslics i) 247 13 x5 i 13.7 1] 0.0 0 0.1 2] #4.4
31 |Laathar 1 02 2 iE 0 0.0 i il i [Tl 3 15
32|Stonn, Clay & Glass a1 E 1 07 1 43 o [ | 1760 07 306
22 Primary Mietals 1 1E0 16 3.4 fl B 2 X5 i 0o 62 1087
34 |Fabiicsted Metske = 155 17 ES 2 18.E 1 23 ] oo a8 iR
3% lIndustial Machinars 4 2 3] a7 1 an 1] 0o i} 0 1 1B
3% |Blectonics & Eleciric 14 F0a 5 116 2 1.7 0 0a 1] o Fal 3
37 [Transporation Equip 35 163 14 64 ] 24 1 1] og 1 550 il 1925
3E Inglruments & Products [ 15 2 23 2 2.3 i 04 i 0.0 10/ 127
32|tk Manufacturing 13 a2 9 Ba 0 0.0 | G5 i} 0 HI 5
TOTALS 1780 GA7.F 52 138 [ 10547 " f ] 13 35327 27| 56 3
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A series of figures for the five different Sze categories reveds where the potentid lies in the
various indudtrid sectors.  For each of the following figures, the top ten sectors have been
sdected for analyss. A reader who is interested in the other SICs not listed in the chart may
consult Table 2-3.1 which contains the source data for the following charts.

Sze Range: 250kWto 1 MW

Food Processing leads this size category both in sites and capacity, with just over 200 MW of
potential CHP capacity at over 350 sites. (See Figure 2-3.3.) The Food sector is followed by
Pulp and Paper, Lumber and Wood, and Chemicas. There are approximately 1280 total sites
in this Sze representing 647 MW of CHP potentid.

Figure 2-3.3. Potential I ndustrial CHP between 250 kW and 1 MW
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Food Processing leads in this category, followed by the Pulp and Paper, Chemicals and
Petroleum indudtries.  The didribution is very amilar to the previous smdler sze category,
showing strong potentia across dl top sectors, with the top three industries dominating. The
average Steis about 2 MW across dl sectors. (See Figure 2-3.4.) There are 582 dtesin this
category representing approximately 1183 MW of CHP potentid.
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Figure 2-3.4. Potential I ndustrial CHP between 1 MW and 5 MW
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Food leads dl sectors again in this Size category with 32 sites and over 330 MW of potentia
capacity. The next three indudtries are Petroleum, Pulp and Paper, and Lumber and Wood.
The top sx sectors each have over 50 MW of potentid. Average MW per dte is
gpproximately 10 MW. The total number of stesis 104; the totd MW potentid is over 1054.

(See Figure 2-35))

Figure 2-3.5. Potential Industrial CHP between 5 MW and 20 MW

Size Range: 5 MW - 20 MW

Food
Processing

Petraleum

W # of Sties

Products

Pulp & Faper

QMW Demand

= = il T =
o TTmom ., Zu
a9 &5 2 Ex 22 2@
ES £ E E5 TE 2%
5% o3 - o 2F% &3
2 Bd 5 W f

u (] i L

e ]

=

Flubber i
Mizc. Plastics

ONSITE SYCOM Energy Corporation Page 2-38

CHP Market Assessment Report



Sze Range: 20 MW to 40 MW

Food processing is the leader in this category, followed by Lumber and Wood, Pulp and Paper
and Chemicals. Petroleum has no Stesin thisszerange. Average Size per Steis about 20 MW
for Food, with the others averaging 25 to 30 MW. There are atota of 18 sites and 388 MW
of CHP potentid in this Sze category.

Figure 2-3.6. Potential Industrial CHP between 20 MW and 40 MW
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This largest Size category is dominated by the petroleum sector. Nearly 1800 MW out of 3232
MW and 15 stes out of 33 tota Stes are represented by petroleum refiners and other
petroleum handling Sites.

Figure 2-3.7. Potential Industrial CHP Over 40 MW
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These 15 facilities comprise over 26% of the totd technica potentia of the entire industria
sector. An assessment of the market will necessarily pay close atention to these stes and why
they did not develop cogeneration earlier under the standard offer contracts of PURPA.

Commercial & Institutional (C&1) Sector Results

Mogt of the existing CHP activity in Cdifornia, in terms of MW capacity, took place at the large
indudtridl gtes. As shown earlier in Figure 2-2.4, 88% of ingddled CHP capacity is in the
indugtrid sector, with only 12% in the commercid and indtitutiona sectors combined. At the
same time, Figure 2-2.3 shows that the number of exising CHP suites are fairly evenly
distributed among the three sectors. Based on this history, average CHP capacity per Site can
be expected to belessin C&I than in theindustrid sector; there will be fewer large sitesin C&l;
and saturations for most C& | sectors will be much lower.

Table 2-3.3 on the following page shows a complete breakout of the estimated C&1 market
potentid by SIC and by size category (in MW) with total Ste counts. Sector breskdown in
terms of sze is useful to begin to assess which technologies might apply to various commercia
and indtitutional sectors.
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Table 2-3.3. Commercial and I nstitutional Potential Sites and Capacity by Size Category and Sl C Code

80 - 250 KW 250 KW - 1 MW 1-5 MW 5 - 20 KW = 20 MW Totals
L 3IT
Code Sector # of Sites Demand |# of Sites| Demand | # of Sites Demand | # of Stles Demand| # of Sites Demand|# of Sites  Demand
458 Alrports 173 18 58 11 4.7 23 3180 ] .00 i} 0on 218 bt
581 Fectaurants 14,374 102570 ot 27323 22 4108 1] .00 0 oon 14 444 1,084
651 Apartmants 3340 B4 22 452 25413 40 43648 1] .00 i 0.00 3 BEZ TOoz
701 Hetals & Lodging 1380 MDAa 557 32249 a0 AnE93 ] E1.16 i (W] 2 BRS oo
™ Carmm Laundries a2 384 i 5.25 z 200 ] .00 i} 0on 105 11
754 Carsashos 17 1732 a 0.75 z 200 1] .00 0 oon 22 4
795 Haalth Clubs 723 10152 46 2408 A6 3165 1] .00 i o.on B0OS 217
BOGS Health Cara g4 11366 141 5313 120 11734 ] .00 i (W] 1,255 24
822 Educatian 1,797 25452 1,280 71436 T4 anzo bt a74.82 14 SO0 45 3,202 2355
24 husaums & Zoos T4 1110 | 168325 f 12889 1 10,00 1 2000 116 T2
TOTALS 23,569 2,105 2,638 1,438 534 993 69 445 15 619 26,815 6,602
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The Educational Sector (primary and secondary schools and colleges and universities) has the
largest ingtdled base of CHP with over 198 MW, it has the grestest overall technica potentia
as well, with 2,255 MW¥®,  Restaurants, Hotels and Lodging, and Apartments follow with
1094 MW, 902 MW and 702 MW respectively. Of these, Restaurants and Hotels each have
less than one MW of CHP currently ingtdled; There are about 15 MW of currently installed
CHP capacity in Apartments. The reasons for this disconnect between potential and actua
penetration is the result of many factors. Potential industrid Stes are about Sixteen times larger
than the average potentia commercid ste (208 kW vs 3.2 MW); commercid sites have lower
capacity factors, which makes paybacks longer; and there were fewer cost-effective CHP
technologiesin the smdler capacities in the past.

Figure 2-3.8. Saturation of Commercial & Institutional Market
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The commercid sector with the highest saturation of existing CHP is Airports, with over 33% of
the technical potentia dready developed. Next is Hedth Care (hospitds and nursing homes),
with over 28% of the technica potentia ingtaled. Heath and recreation clubs follow with over
20% market saturation. Of these, Hedlth Care has the most remaining potentia capacity, with
284 MW. Hedth clubs have 217 MW and Airports haves 58 MW of CHP potential.

Sze Range: 50 to 250 kW

The Restaurant sector leads the smalest C&I size category, 50-250 kW, both in sites and
potentid capacity. Many of these smdler Sites have rdatively high E/T ratios and may not be
good candidates for CHP when dite specific requirements such as concurrent eectric and
thermal loads are conddered. Average system size for this category is 70 kW.

¥ The educationa sector dso has the lowest capacity factor in C&I, a 21%; this will be an obstacle to turning this
potential into actual ingtdlations.
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Figure 2-3.9. Potential C&| CHP between 50 kW and 250 kW
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Sze Range: 250 kWto 1 MW

Educationa facilities lead the 250 kW to 1 MW size category, with 1290 stes and 724 MW of
potentiad CHP capacity. Hotds, Apartments and Hedth Care facilities follow. Restaurants
drop to fifth, an indication that the sector is concentrated in the smdlest sze (dmost 94% of
restaurants consume fewer than 250kW). Each of the top three market sectors in this sze

category average over 500 kW per site.

Figure 2-3.10. Potential C&1 CHP between 250 kW and 1 MW
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Sze Range: 1 MWto 5 MW

Hotels & Lodging and Educetion lead the one to five MW sSze category, followed by Hedth
Care, Hedlth Clubs, and Apartments.  Sites average allittle over 2 MW for most sectorsin this
sze, with the exception of Hedth Care facilities, which average 1 MW per site.

Figure 2-3.11. Potential C&| CHP between 1 MW and 5 MW
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Sze Ranges. 5 MW to 20 MW, and 20+ MW

Education dominates the larger Sze ranges, with 58 dites in the 520 MW range and 14 Stes
larger than 20 MW. At these Sze ranges, the Stes are mostly colleges and universities.
Average capacity is about 6.5 MW for both Education and Hedlth facilities in the 5 to 20 MW
range.

Figure 2-3.12. Potential C&| CHP between 5 and 20 MW

C & | Size Range: 5 - 20 MW

400

350

300

250

2004

150+

100

Hotels & Lodging

Education
B# of Sties 58 9 2
B Demand 374.8 61.2 100
ONSITE SYCOM Energy Corporation Page 2-44 CHP Market Assessment Report




The average for Educationa stes >20MW is 42 MW. The Museum/Zoo sector numbers are
minimum estimates that had to be made because of confidentidity issues. Each of the two Stes
is given the minimum of the Sze category, 5 MW, these facilities could be as large as 20 MW..
The dngle ste in the >20 MW category of this same sector is dso a minimum estimate that
could be of greater Size.

Figure 2-3.13. Potential C&1 CHP Over 20 MW
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In summary, CHP potentid in C&1 is led by the educational sector, which shows congstent
potentiad across dl sze categories and is virtudly the only sector in C&I with facilities over 5
MW in sze. It will be necessary to keep in mind the low capacity factor of this sector,
especidly in primary and secondary schoals, in turning this potentia into actud ingdlations. The
Restaurant sector will become more attractive as smaller technologies become more cost
effective. Hospitals and Hotels both show significant potentid in the mid-range sizes between
500kW and 1.5 MW.
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3.0 Market Assessment for Combined Heat and Power

I ntroduction

This section provides an assessment of CHP market penetration for California based on the
technology cost and performance parameters described in Section 1.0: CHP Technologies and
the total market potentia for CHP described in Section 2.0: Market Potentidl.

The market penetration estimates are based on the economic competitiveness of CHP in
different sze and load applications, the historicd market penetration for CHP by sze and
goplication, and an evauation of the impacts of emerging technology and market trends. This
section is organized in the following subsections:

U Electricity and Fuel Price Trends — a presentation of the expected future prices for
electricity and natura gas.

U CHP Economics — an evduation of CHP technology cost and performance and
expected savings and paybacks by size and application.

U Market Penetration Scenarios — a summary of the market potentia described in
Section 2 and dternative penetration estimates based on the CHP paybacks for
each application and Sze category and other factors.

3.1 Electricity and Fuel Price Trends

The most sgnificant variables determining future CHP market penetration rates are the expected
future retall dectricity and gas prices. The market restructuring in the éectric indudry that is
now underway shapes the expected vaue of these future energy prices. The historica energy
prices and base-case forecasts used for this assessment were provided by the Cdifornia Energy
Commission.®*

Because CHP economics are sengtive to the specific retail rate structures, that is the dlocation
of costs to demand and energy charges and time-of-use rates, we evauated the current tariff
sheets for medium and large customers for Pacific Gas & Electric Company (PG&E) and for
Southern Cdifornia Edison (SCE). Standby tariffs were also examined.

Electric Rates

The Cdifornia dectric indudtry is currently in the middle of a legidated, multiyear trangtion to a
more competitive market. When the trangtion is completed, power generation will be a
competitive busness while transmisson and digtribution functions will remain a regulated utility

3 Arikawa, Ben, Revised 1997 Retail Electricity Price Forecast, CEC Draft Report, March 1998
¥ Tomashefsky, Thomas, et al ., Natural Gas Market Outlook, CEC P300-98-006, June 1998.
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monopoly with performance based incentives for efficient operation. The purpose of the
trangtion period is to dlow the investor owned utilities (IOU) to divest their generating assets
and to recover rate-base costs associated with these assets that are above their market value.
The recovery of these above-market costsis being made with a competitive transition charge
(CTC) applied to dl customer rates. The CTC will phase out on or before March 31, 2002. A
much-reduced CTC will continue beyond this point to pay for the rate reduction bonds and to
cover above market contract payments to quaifying facilities (non-utility generators with utility
sdes contracts) The restructuring legidation goplies only to 10Us, but municipa utilities are
making Smilar eps so that competition will be indituted statewide.

Historical Rates

The higtoricd price trends for dectricity show some of the reasons behind the need for
restructuring. Expensive congtruction programs in the 1970s and 1980s led to a sharp run-up
on rates. The non-utility generation (NUG) market that emerged during this period set the
comptitive price below the utility rate-base price. Large industrid customers with competitive
supply options and redistic CHP potential were able to force their regulated rates down to the
comptitive levels while smdler customers had to pay alarger share of the higher codts. Figure
3-1.1 shows the higtorica average commercid and industrid dectric rates for Cdifornia in
nomina dollars. Indudtrid rates pesked in 1985 and have been flat or declining ever since.
Commercia rates aso have turned down in the last few years as compstitive pressures have
increased.

CEC Forecast

The CEC dectricity price forecast is shown in Figure 3-1.2 dong with the historicd data in
inflation adjusted red dollars. Firdt, the use of red dollars shows that eectricity rates have been
declining for both commercid and industria customers since the early 1980s. A sharp drop in
rates is forecast when the CTC for generation assets expires at the end of 2001 or shortly
thereafter. Thisdrop isthen followed by aforecast of very stable but dightly declining red rates
through the end of the forecast period in 2017. The CEC forecast shows the average redl
commercid rate after restructuring at 6.15 ¢/kWh and the average indudtrid rate at 4.77 ¢/kWh.

It is interesting to compare these forecast comptitive prices with the commercid and industria
rates in 1997 (10.21 and 7.11 ¢/kWh) and the dl-time pesk red rates in 1986 (12.51 and
10.62 ¢/kWh respectively.) It is clear that the prevailing rates againgt which CHP must compete
over the forecast period will be much lower than they are now and less than haf what they were
during the peak years of CHP market expansion.
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Figure 3-1.1 Historical Commercial and Industrial Electric Prices in

California (nominal $/kWh)
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Figure 3-1.2. Historical and Forecast Commercial and Industrial
Electric Pricesin California (real $/kWh)
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American Gas Association Electricity Price Forecast

The American Gas Association sponsored a study of the impact of eectric industry restructuring
on future dectricity prices® The forecast covers the period between 1996 and 2015. The
results of their Cdifornia analysis for commercia and indudtrid rates are shown in Figure 3-1.3.
The source numbers were presented in $1996 dollars without sales and excise taxes. In Figure
3-1.3, these numbers have been adjusted upwards by 15.7% to account for the addition of
taxes and inflation from 1996 to 1998 base year dollars.

The A.G.A. andyss shows a very smilar level of cost reduction for the industrid sector, but a
much lower reduction in rates for the commercid sector. In addition, the A.G.A. forecast does
not show the rapid trangtion impact that will occur as a result of the early phase-out of the
CTC. This forecast has been included for reference purposes only. After reviewing the CEC
and the A.G.A. forecasts, the CEC forecast was selected for this andysis.

Figure 3-1.3. American Gas Association Forecast of Future Electric Prices
(adjusted to $1998/kWh with taxes added)
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¥ Chernoff, Harry, et d., The Impact of Industry Restructuring on Electricity Prices, July 1998., American Gas
Association Report #-60198, July 1998.
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Electric Tariff Structure — Fixed versus Variable Charges

The average projected sector prices for eectricity provide a gross indication of the level of
competition for CHP projects. However, the actud tariff structures will have a strong impact on
the competitiveness of aparticular CHP project. The relevant tariff components are

U Demand charges that are currently differentiated into a number of categories with a
5-month summer period and a 7-month winter period defined.

U Energy charges that can vary by season and by time-of-use

U Standby charges for customers with their own generation.

Current PG& E and SCE tariffs were used to provide a basis for developing a smplified CHP
economic competitivenessmodd. The tariffs andyzed are asfollows.

Southern California Edison

U GS-2 Generd Service—for customers below 500 kW demand

O TOU-8 Time-of-Use Generd Service —for customers above 500 kW demand

U Schedule S Standby — for customers with QF power production that use the utility
for supplementa, maintenance, or emergency purposes.

Pacific Gas & Electric

U Schedule A-10 — Medium Generd Demand-Metered Service — for customers using
at least 50,000 KWh/yr with demand less than 500 kW

U Schedule S Standby Service

These tariff sheetsare included in Appendix A of this report.

The SCE GS-2 Taiff summarized in Table 3-1.1 gpplies to nonresidentia customers with
demand meters whose peak load is between 20-500 kW. Thereisanomind customer charge
of $60.30 per month regardless of demand or energy use. There is atwo-part demand charge.
The Facilities Related Component of $5.40/kW is gpplied to maximum demand each month.
Thereisan additiond Time Related Component of $7.75/kW that is aso charge on maximum
monthly demand during the defined summer period of June through October. The customer
pays an energy charge of $0.07692/kWh on the first 300 hours times the peak demand for that
month. In other words, since there are 730 hours in the average month, dl consumption that
equds only 300 hours of use or less, i.e. a 41% load factor, are charged at this block 1 rate.
Only customers, with a load factor higher than 41% would have any energy use that would fall
above this 300-hour block. The energy rate for second block is much lower at $0.04391.
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Table 3-1.1 SCE GS-2 Tariff

SCE GS-2

Customer Charge $60.30
Demand Charges

Fecilities Demand $5.40
Additiona Summer Pesk Demand $7.75
Energy Charges

Block 1 (300 X Peak Demand.) $0.07692
Block 2 (al above Block 1) $0.04391

Summer Period begins June 1 and ends October 31

In the customer economics caculation modd presented in the next section, we defined specific
customer loads to reflect the various market segments.  Table 3-1.2 shows the average
electricity cods for a typica large commercid customer on SCE GS-2. This cusiomer has a
load factor of 38.8% with a peak demand of 400 kW and a minimum demand of 125 kW. A
specific summer pesking load pattern was assumed. Typicdly, hedth care, lodging, and food
service gpplications have aload factor at or above this range. High energy-intensity offices and
public buildings also gpproach this range but average 30% or less. The average rate for this
typica customer is nearly 10 ¢/kWh based on the rate sheet, or about 11 ¢/kWh with taxes.
The share of this customer’s annud hill that goes to each type of charge is caculated — 73%
goes to the energy charge, 27% goes to the demand charge, and the customer charge is an
inggnificant portion of the bill.

Table 3-1.2. Average Cost for Selected Customer on SCE GS-2

Example Customer Profile on GS-2

Peak Demand 400 kW
Minimum Demand 125 kW
Annua Load Factor 38.8%
Average Rate $0.0992/kWh
Average Rate w Taxes $0.1092/kWh
Share of totd Bill

Customer Charge 0.54%
Demand Charges 26.56%
Energy Charges 72.91%
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We dso examined the rates for larger commercid and industrial customers under SCE TOU-8.
This rate category is applicable to most customers with monthly demands above 500 kW.
Table 3-1.3 shows the customer charge plus time and season dependent demand and energy
charges. The table shows the charges for a cusomer receiving service a the highest voltage
levels. Somewhat higher rates gpply to customers recelving service a lower voltages. Time-
related peak demand rates are $16.15/kW and peak energy rates are very high. However, the
peak period gpplies to only 630 hours during the year or dightly more than 7% of the totd
hoursin the year.

Table 3-1.3. SCE TOU-8 Tariff

SCE TOU-8 (voltages above 50kV

Customer Charge $349

Demand Charges Summer Winter
Facilities Demand $0.65 $0.65
Time Related, Pesk $16.15 $0.00
Time Related, Mid-peak $2.45 $0.00
Energy Charges

Peak $0.07397 n/a
Mid Peak $0.05053 $0.06093
Off-peak $0.03755 $0.03872

Summer Months: June through October

Peak Hours: Weekdays Noon to 6pm

Mid Peak: Weekdays 9am to noon, 6pm to 11pm summers, 9am to 9pm winters
Off-pesk: All other times including 8 holidays

We defined an example customer load to provide a basis for the economic anaysis for larger
customers under this rate as shown in Table 3-1.4. This customer would be an indugtrid
customer with 4,000 kW of pesk demand and 2,250 kW of minimum demand. This customer
is 10 times larger than the customer in the GS-2 example and has a much higher annud load
factor of 64.9% congigtent with a multi-shift industrial operation. The average power cost for
this customer is $0.0663/kWh based on the tariff or $.0729/kWh with taxes added in. About
1/4"™ of the total costs come from the demand charges and 3/4"come from energy charges.

ONSITE SYCOM Energy Corporation Page 3-7 CHP Market Assessment Report



Table 3-1.4. Average Cost for Selected Customer on SCE TOU-8

Example Cugtomer Profile

Peak Demand 4000 kw
Minimum Demend 2250 kW
Annua Load Factor 64.9%
Average Rate $0.0663 /kWh
Average Rate w Taxes $0.0729 /kWh
Share of totd Bill

Customer Charge 0.28%
Demand Charges 24.81%
Energy Charges 74.91%

Both SCE and PG&E have standby rates that apply to customers “taking service under a
regular service rates schedule and where a part or dl of the dectricd requirements of the
customer can be supplied from a cogeneration or smal power production source which meets
the (QF definition under PURPA).”* Essantiadly, the standby charge is equd to the fadilities
related component of the demand charge times the contracted level of standby demand —
generdly equd to the generator capacity or the facility load whichever is smdler. After a 6-

month tria period, the sandby customer does not have to pay this demand charge for demand

created by scheduled maintenance for the generator so long as there is advance notice and

aoprova by the utility. For al supplementary consumption, the customer continues to receive
service under his exiding tariff. Customers who operate a “microcogeneration facility” of less
than 1-MW and who dso are in full compliance with Best Available Control Technology
(BACT) are exempt from paying standby charges through June 30, 2000.

Gas Price Forecast

Naturd Gas is the predominant fuel used for CHP. We are using forecast natural gas prices as
the basis for determining operating costs for CHP. Figure 3-1.4 shows the average PG& E and
Southern Cdifornia Gas Company (SCG) price by sector forecast to 2017. The figure shows
the commercid, indudtrid, and eectricity generation/cogeneration gas rates. The industria and
EG/cogen rates are forecast to decline to between $2.12 and $2.29/mcf then gradualy risng
during the forecast period, but staying below $3.00/mcf.

% Southern Cdifornia Edison Company, Schedule S, Tariff effective June 14, 1998.
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Figure 3-1.4. CEC Natural Gas Retail Price Forecast ($1998/mcf)
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3.2 CHP Economics

In this section we evauate the competitive postion of CHP in terms of future ectric and gas
prices, CHP technology cost and performance, and typica demand patterns of customers by
Sze and gpplication.

Converting Future Average Electric Pricesinto Demand and Energy Rates

The forecast dectric rates used for this andyss are in the form of average prices. These
average rates are assumed to be derived from a three-part rate structure and the average
customer load profiles. Because CHP sgnificantly dters a cusomer’s load profile, we fet it
was important to convert the average price forecast into a three part rate structure. Typically,
wha remains after a continuous CHP system is indtdled a a cusomer Ste is a higher average
cost of power due to a lower average load factor for the resdua. This lower load factor
demand yidlds a higher average price under athree-part rate structure.

we developed an agorithm to convert the average rates into atwo part rate sructure that would
exactly equd the average rate for that sdlected customer profile. Starting with the current rate
dructures, we assumed that the off-pesk rates, aready quite low, would remain the same during
the forecast period. For the industria customer on TOU-8, we assumed that the time related
component of demand and the peak and mid-peak would be varied to achieve the forecast
average price. For the energy rates we assumed that the difference between the peak rate and
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the off peek rate would be reduced by same factor as the timerelated demand charge
reduction. In thisway, no matter how low the factor becomes to equd the lowest average price
in the forecadt, the peak rates never fall below the off-peak rates. For the commercia customer
on GS-2, we assumed that both the time-rdated and the facilities-related components of the
demand charge would vary by the same factor required to equd the average price. The
difference between the Block 1 and Block 2 energy rates was aso reduced by the same factor.
In this way, we caculated the yearly factors for both commercid and industrid rates that would
provide a two-part rate that would exactly equa the forecast average price for that specific
customer load pattern. These factors were calculated for every year of the forecast period for
both the commercid and industrid examples so that the economic andysis could be undertaken
using the adjusted demand and energy rates. The caculation for the TOU rate is shown below:

Current Pesk Energy Rate= P,

Peak Energy Rate Year n = Py, + (P, —Pop) X AF,

Current Pesk Demand Charge = PD,

Peak Demand Charge Year n = PD, x AF,

P, = current pesk energy rate

Pop = current offpesk energy rate

PD, = current pesk demand charge

AF, = adjusment factor in year n that equates the energy hill without CHP using
the average rate and the three part energy rates for the customer |loads selected
for the CHP comparison

Customer Charge, offpeak rate, and facilities demand charge remain the same for dl time
periods. The adjustment for midpeak demand and energy chargesis the same as is shown.

CHP Technology Cost and Performance Characteristics

In the first phase of the overal analyss we evauated CHP technology cost and performance
characteristics in generd terms.  For this andlyss we sdlected a number of technology profiles
that would apply to the various Size categories of potentil CHP demand. Table 3-2.1 shows
these profiles for gpplication szes that range from as small as 50 kW to 25 MW. The hest
rates and recoverable therma energy factors are based on commercia product specifications
— with the exception of the microturbine for which performance factors are estimated based on
a composite of development goas from Allied Signa, Capstone, Northern Research. The
microturbine cost factors were estimated based on our assessment of early market entry
economics and not on the manufacturers projections for high volume production. Their lower
cost projections, though not used for the base case, were used as part of a high market
penetration scenario to be described in alater section.

Package codts, heat recovery equipment costs, and baance of plant costs can vary widely by

gpplication and the degree of competition. We sdected the costs in the table to reflect redistic
study-estimates for costs for these technologies.
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The fud cdl is shown for comparison purposes only. It was not used as one of the
representative technologies in the economic analysis.

Figure 3-2.1 shows the effective average power costs achievable by base-load operation of
these technologies at these costs for both power only and CHP applications. The smdl engine
and microturbine technologies are assumed to have an economic life of 10 years; dl the rest are
assumed to have an economic life of 15 years. The CHP costs differ from the power-only costs
by the addition of the heat recovery capita costs and the assumption that the heat recovered
replaces that produced by an 80% efficient gas-fired boiler. The gas cost for the andyss was
assumed to be $2.50/mmBtu.

Table 3-2.1. CHP Technology Cost and Performance Estimates

Representative Onsite Generation Cost and Performance

Microturbine Gas Engine Fuel Cdll GasEngine Gas Turbine Gas Turbine

Perfromance
SizekW 50 100 200 800 5,000 25,000
Heat Rate (Btuw/kWh HHV) 13,306 13,127 7,584 10,605 11,779 10,311
Recov. Exhaust Heat (Btu/kWh) 4498 1786 1443 5193 4522
Recov. from Coolant (BtwkWh) 3404 3000 2750
Cost

Package Cost ($/kW) $500 $650  $2,000 $350 $400 $300)
Heat Recovery $150 $100 $75 $75 $75 $75)
Emission Controls $0 $70 $0 $29 $102 $100]
Project management $25 $33 $100 $18 $20 $15
Site & Construction Management $35 $46 $140 $25 $28 $21
Engineeering $20 $26 $26 $14 $16 $12
Civil $50 $75 $100 $38 $15 $13
Labor/Installation $100 $130 $120 $44 $60 $45
CEMS $0 $0 $0 $0 $30 $20
Fuel Supply-compressor $40 $0 $0 $0 $20 $15
Interconnect/Switchgear $150 $150 $75 $63 $20 $6)
Contingency $25 $33 $60 $18 $20 $15
General Contractor Markup $164 $197 $270 $101 $81 $64
Bonding/Performance Guarantee $33 $39 $27 $20 $24 $19
Carry Charges during Constr. $83 $99 $192 $51 $87 $69
Basic Turnkey Cost ($kW) $1,375 $1,647 $3,184 $842 $998 $789
O&M Cost $/kWh $0.010 $0.014 $0.005 $0.011 $0.003 $0.003
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Figure 3-2.1 Example Generated Power Cost Levelsfor CHP Technologies for
Baseload Applications
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Application Profiles

Specific gpplication profiles were created for a range of Szes to identify the economic
competitiveness as a function of sze and application. For example, the commerciad customer
profile shown in Section 1 was used to create a 150 kW commercid gpplication usng multiple
microturbines. The industrid customer profile shown in Section 1 was used to create a 2,250
kW indudtrid gpplication usng multiple indudtrial gas engines. Two larger gpplications were
defined based on gas turbine technology for industria gpplications. The technol ogy/application
cases used for the economic analysis are as follows:

O 150 kW commercid gpplication usng multiple microturbines
O 2250 kW indugtrid application using three gas engines

O 10 MW industrid gpplication usng two gas turbines

O 50 MW indudtria application using two gas turbines

CHP Economic Performance over the Forecast Period

Energy customers use a vaiety of methods to determine if a particular invesment is
economicaly dedrable for them. A rule-of-thumb method that is often used for preiminary
evauation of potentia projects is the speed with which the initid investment is recovered by the
annud savings. This ample payback andyss is cdculated by dividing the fird year’s savings
into the initid capitd cost providing an estimate of the number of years that will be required to
reiurn the initid invetment. Many customers will not accept an invesment in energy
technologies unless it has a payback of 2-3 years or less. Customers may use this restrictive
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cut-off asameans of alowing for risk that the future savings will not be redized or because they
have limited investment funds and are unwilling or limited in their gbility to borrow to finance
profitable projects. CHP projects generdly are financed with a mixture of internd funds and
debt financing. Sometimes complicated leasing arrangements are developed that eiminate the
need for the dte customer to come up with initid invesment funds for the project — relying
instead on third parties to own the system and take a portion of the benefits. For these types of
projects it is common for some kind of discounted cash flow andlysis to be conducted by the
parties involved in the ded. Net present vdue (NPV) or internd rate of return (IRR) is
caculated to determine if a project is economic. If the NPV is pogtive or if the IRR is greater
than the customer’s cost of money, then the project is considered to be economic. Here again,
customers may protect themselves from risk by setting high hurdle rates for this type of andyss.
For this andys's, we based the customer’ s acceptance of CHP on the project IRR. We used a
“myopic’ IRR in that we assumed that the customer vaued his yearly savings based on the
energy rates prevaling when the investment decison is made rather than based on perfect
knowledge of dl future prices. Any project with an IRR above 10% would provide customers
with economic benefits, but acceptance levels would drop off as the IRR declines to the
economic floor. We aso caculated smple paybacks for comparison purposes, though these
were not used in the market acceptance caculations.

The assumptions for the base analyss are asfollows:

U The 150 kW system is on the current SCE GS-2 rate and is assumed to be exempt from
sandby charges. All other cases are on the current SCE TOU-8 rate, but at the highest
voltage level where standby costs are only $0.65/kW. No CTC charges are considered for
this comparison as they effectively diminate any benefit for ingdling a new CHP system
during the trangtion period.

The 150 kW system is amortized over 10 years, dl of the others are amortized over 15
years.

The 150 KW system has an annud load factor of 70% due to the greater variability in
commercia sector demands. The larger systems are sized to operate at 90% load factor.
Economic use of recoverable waste heat equals 60% for the 150 kW system commercid
sector system and 90% for al indudtrid systems.

All sysem downtime is assumed to occur during off-pesk hours, a smplifying assumption
that maximizes the economic vaue of the CHP system.

Both the CHP fud cost and the avoided boiler costs are assumed to be $2.50/mmBtu.

o O O O O

The base case results are shown in Table 3-2.2. The paybacks range from 3.7 years (24%
IRR) for the smal commercia system to 2.2 years (46.5% IRR) for a50 MW gas turbine plant.
Gas engine efficiencies in the intermediate 2,250 kW size show a somewhat faster payback (2.7
versus 2.8 years) due to higher generation efficiencies for the industrid gas engine compared to
a andl gas turbine. The high qudity seam available from a turbine sysem is probably much
more useful to an indudrid facility than the combination of hot water and high temperature
exhaud available from a gas engine.
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Table 3-2.2. Base Case | RR and Paybacks for CHP Applications

CHP Size 150kw  2.25 MW 10 MW 50 MW
Technology microturbine gasengine  gasturbine gasturbing
CHP O&M Cost $9,194 $173,448  $210,240  $1,051,200
CHP Fud $30,585 $418,049 $2,063,661  $9,032,533
Thermd Savings -$7,754 -$185,949  -$909,830  -$3,961,211
Utility Bill $60,178 $560,055 $3,392,197 $16,942,558
Total Costsw CHP $92,203  $965,603 $4,756,268 $23,065,081
Base Utility Bill $148,234 $1,658,687 $8,275,010 $41,356,624
Annud Savings $56,031 $693,085 $3,518,742 $18,291,543
First Cost $206,219 $1,895,521 $9,982,149  $39,470,358
Payback Y ears 3.68 2.73 2.84 2.16
IRR 24.01% 36.31% 35.15% 46.52%

These base-case payback and IRR calculations were then adjusted based on the year-by-year
electricity and gas price forecasts according to the methodology described in the beginning of
this section. The generation gas price forecast was used for the gas price for both the
generation fud and the avoided boiler costs—somewhat understating the benefits of heet
recovery which can displace fud use a the higher commercia and indudtrid rates.

The year-by-year IRRs for the four technol ogy/application cases are shown in Figure 3-2.2. In
the current high price environment, the IRRs for the sysems are al very economicaly attractive
— IRRs of 35-46% for the industrid systems and 24% for the 150 kW commercid system.
Again, these numbers are not useful for determining market penetration in the trandtion years
because of the application of the nonbypassable departing load charges designed to ensure that
al cusomers pay ther fair share of trandtion costs. After the trangtion period is over, CHP
project returns decrease due to the much lower forecast dectricity rates. As shown on the
chart, as long as the IRRs reman above the 10% cost of capita the projects reman
economically attractive, at least theoreticdly. However, as IRRs gpproach this economic floor,
project acceptance rates will go down. The industrid projects are shown to remain in an
economicaly attractive range throughout the forecast period. However, the smal, packaged
150 kW system becomes uneconomic after 2001 — based on the current high costs projected
for these systems in the base case.
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Figure 3-2.2. Internal Rate of Return for Different CHP Types and Sizes as a
Function of Annual Forecast Electric and Gas Rates
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3.3 Market Penetration Scenarios

The market penetration forecast is based on the CHP economic analyss, the market potential
estimated in the second phase of this project and the historical rate of market penetration by sze
and market for CHP.

Market Potential Summary

The second phase of this project provided a detailed evauation of the total potentid for CHP in
the Cdifornia industria and commercia market sectors. Tota potentia was determined as a
function of sze, market gpplication, and thermd to eectric energy utilization ratios—a measure
of the ability of the gpplication to utilize the waste heat generated by on-Site power generation.

Table 3-3.1 summarizes the existing CHP in the commercid and indudtrial sectors as a function
of 9ze. Table 3-3.2 summarizes the remaining potentid developed in section 2, Market
Potentid, of this project. For the cumulative penetration levels, it was assumed that the current
remaining potential grows at 2% per year over the forecast period.
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Table 3-3.1. Existing CHP in the Commercial and I ndustrial Sectors

Summary of Exising CHP for Industrid and Commercia Only
Commercid Industria Totd

Sites MW Sites MW Sites MW
50-250 kW 195 19 21 3 216 22
250-1,000 kw 51 28 24 12 75 40
1-5MW 37 78 36 101 73 179
5-20 MW 14 125 45 390 59 515
>20 MW 16 552 84 5,147 100 5,699
Totd 313 802 210 5,652 523 6,454

note: There are 145 existing projects less than 50 kW with a capacity of 2. 7MW

Table 3-3.2. Remaining Potential for CHP in the Commercial and I ndustrial

Summary of Remaining Potential CHP
Commercial Industrial Totd
Sites MW Sites MW Sites MW
50-250 kW 23,559 2,105 0 0 23,559 2,105
250-1,000 kW] 2,638 1,438 1,280 648 3,918 2,086
1-5 MW 534 993 582 1,184 1,116 2,177
5-20 MW 69 446 104 1,055 173 1,501
>20 MW 15 619 51 3,620 66 4,240
Total 26,815 5,602 2,017 6,506 28,832 12,108
Sectors

Historical Market Penetration Rates

The CHP market has shown both a tremendous growth period in the 1980s followed by a
decline and a period of market stability. Figures 3-3.1 and 3-3.2 show the historical market
penetrations by size category in terms of units added per year and MW added per year
respectively. Table 3-3.3 shows the average market penetration rates for CHP in the Cdifornia
market during the most recent stable period (1991-1996). During this period, dightly over 400
MW!/year of CHP were added. This penetration rate was used as the initid penetration level
for the base case forecast and was adjusted based on the changesin the IRRs for each category
over the forecast period.

CHP Market Assessment Report
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Figure 3-3.1 Historical Market Penetration of CHP as a Function of Size
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Figure 3-3.2. Historical Market Penetration of CHP as a Function of Size
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Table 3-3.3. Average CHP Penetration Rates in the 1990s

1991-1996 Average Penetration

Unitslyear MW/year
50-250 kW 1.8 0.79
250-1000 kwW 6.2 1.15
1-5 MW 2.2 4.87
5-20 MW 2.3 29.42
> 20 MW 4.6 378.57
Tota 17.0 414.79

Base Case Scenario

The base case market penetration forecast was developed using the IRR calculations based on
the CHP technology cost and performance and the CEC dectricity and gas price forecasts.
The 1991-1996 historica market penetrations were used as the initid penetration rate. This
initial penetration rate was adjusted as a function of the cdculated IRRSs in each year. These
adjustment factors are based on the assumption that penetration would equa the observed
higtorica penetration for equa IRR and that penetration would be zero a an IRR of 8% or
below. Penetration rates were interpolated on a linear basis between these levels. Therefore,
the initid period IRRs defined as producing 100% of the initid period market penetration with
proportionate adjustments down to zero market penetration at an IRR of 8%.

Figure 3-3.3 shows the year-by year base-case market penetration forecast by size category in
terms of megawatts of capacity added per year. Table 3-3.4 shows the cumulative penetration
in both capacity added and number of projects and the cumulative penetration of the remaining
potential.  The cumulative penetration is caculated on the bass of capacity in megawatts, and
the current potential caculated in the previous section of the report is assumed to increase
during the forecast period at 2% per year.
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Figure 3-3.3. Base Case CHP Market Penetration Forecast
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Table 3-3.4. Base Case Cumulative Additions in Capacity and Projects
and Percent Saturation of Total Remaining Available Market

CHP Category Cumulaive Cumulaive % of Tota Market]
by Sze Penetration in Penetration in Units Penetrated
MW
50-250 kW 0.8 8 0.03%
250-1000 kwW 7.7 14 0.25%
1-5 MW 32.7 14 1.01%
5-20 MW 243.5 27 10.92%
> 20 MW 3724.7 45 59.12%
Tota 4009.4 108 22.28%

High Market Penetration Case

The base case andys's shows a declining level of market penetration and very low penetration
rates for the smdler sze ranges of CHP, dmost none for the smalest category. This base case
forecast does not include the effects of improved technology, streamlined Sting and permitting,
more intengve marketing efforts, regulatory initiatives that provide incentives for economicaly
beneficid projects. To provide a basis for evauating the impacts of State and Federd
programs, we have defined a high market penetration case. This case has the following changes
from the base case:
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U CHP technology improvement — This includes efficiency improvements, package cost
reductions, and reductions in environmenta control technology costs that will be the result of
expanded research, development and demonstration programs.

U Streamlined Project | mplementation — Thisincludes faster project implementation, lower
interconnect costs from standardization, and lower ingdlation costs due to a more stable
and competitive market for CHP.

U CHP Initiatives — Financid incentives provided by either the Federd or State government
are being discussed for CHP. Therationale for these incentives is that increased penetration
of economicdly viable CHP has both private benefits that accrue to the project participants
and socid benefits that accrue to the public.

U Higher marketing effort — The base case penetrations were based on the observed
penetration rates and economic values in the 1990s. The competitive market has crested a
larger number of energy service providers that will be contacting customers and marketing
energy service options including CHP. With higher marketing effort, market penetration
rates will be higher for a given levd of economic vadue. As maketing efforts and
government programs are implemented, customer confidence in the technology will go up
reducing the very high risk premium that has been placed on CHP project decison-making.

High Market Case Approach and Assumptions

The high market case for CHP is based on two types of changes to the economic assumptions.

Changes to the cogt and performance of the CHP system improve the IRR and thereby raise
market penetration rates according to the historica relationship between IRR and market
penetration that was used for the base case. Changes to marketing effort and customer
confidence will change the market penetration rates for a given project IRR. We looked at
three incrementa levels for these changes. Firdt, we looked a an improved set of CHP
technology performance and package cogts; ingdlation costs remained unchanged. Secondly,

we looked a the cogt reduction impacts of the CHP initiatives that are designed to streamline
gting, standardize interconnection, and reduce the Ste related costs. One aspect of the CHP
initiatives involves either a tax credit or accelerated depreciation. We represented this as a
ample 10% reduction in overdl capital cods. Finaly, we increased the higoricaly observed
market response rates for a given level of IRR. The market penetration impacts of these
changes are shown incrementaly as follows:

U Step 1. improved CHP technology package

O Step 2 Improved technology plus CHP initiatives
O Sep3: Improved technology, CHP initiatives, plus improved rates of market response.
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The Step 1 improvements to CHP technology are based on the following changes to the
technology assumptions:

Q

Q

Q

Microturbines will reach their high volume cos target gods and improve ther
overdl dectricd efficiency rates from 26% to 29%. These rates correspond to
engine generator efficiencies quoted by the manufacturers of 30-34% based on the
lower heating vadue of the fud.

Smadl and large gas engines will reach higher efficiencies gpproaching the efficiencies
of diesdl cycle engines.

Smadl turbines will improve efficiencies as a result of improved materids that can
withsand higher temperatures and recuperation that raises overal eectric
efficiencies from 29% to 37%.

The larger turbine efficiencies are increased using combined cycle technology to
provide dectric efficiencies of 44%.

Package cogts for engines and turbines will be reduced by 14-25%.

The Step 2 improvements to CHP turnkey cogts are based on the following changes in the
indalation cost assumptions:

Q

o O 00

Interconnect costs cut in haf for dl technologies, reduced by two-thirds for the
gmdlest microturbine or amdl engine ingdlations

Sdective cataytic reduction cods cut in half

Contractor markups reduced from 15-20% to 10% across the board to reflect a
high volume competitive market

Congtruction lead times reduced by 6 months resulting in lower carry charges for
interest during congtruction

A 10% reduction in overall capital codsts to reflect a tax credit or accelerated cost
recovery on depreciation for tax purposes.

Stepl and Step 2 changes represent dl the changes to the technology assumptions. These
combined changes are shown in Table 3-3.5. Table 3-3.6 shows the change in paybacks and
IRR for the initiad year due to the Step 1 and Step 2 changes.
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Table 3-3.5. High Case Technology Specifications

Representative Onsite Generation Cost and Performance

Microturbine Gas Engine  Fudl Cdll GasEngine  Gas Turbine  Gas Turbine
Size kW 50 100 200 800 5,000 25,000
Heat Rate (BtwkWh HHV) 11,741 11,147 6,205 9,382 9,125 7,699
Recov. Exhaust Heat (Btu/kWh) 4600 1600 1200 3709 2800
Recov. from Coolant (Btu/kWh) 2600 1600 2500
Package Cost ($/kW) $350 $500 $900 $300 $300 $300
Heat Recovery $150 $100 $75 $75 $75 $75)
Emission Controls $0 $70 $0 $29 $51 $50]
Project management $18 $25 $45 $15 $15 $15
Site & Construction Management $25 $35 $63 $21 $21 $21]
Engineesring $14 $20 $20 $12 $12 $12
Civil $50 $75 $100 $38 $15 $13]
Labor/Installation $70 $100 $120 $38 $45 $45
CEMS $0 $0 $0 $0 $30 $20
Fuel Supply-compressor $40 $0 $0 $0 $20 $15
I nterconnect/Switchgear $50 $75 $38 $31 $10 $3
Contingency $18 $25 $27 $15 $15 $15
Genera Contractor Markup $78 $103 $139 $57 $61 $58
Bonding/Performance Guarantee $24 $31 $14 $17 $18 $18
Carry Charges during Constr. $28 $37 $49 $21 $44 $42
Basic Turnkey Cost ($/kW) $914 $1,195 $1,589 $668 $732 $702
CHP Initiative 10% Cost Reducti $822 $1,076 $1,430 $601 $659 $632
O&M Cost $/kWh $0.010 $0.014 $0.005 $0.011 $0.003 $0.003

Table 3-3.6 Impact of Changing CHP Cost and Performance Assumptions on
Initial Year Payback and IRR

Case Results Base Case Improved Package |Tota Cogt and Perf.
Improvements
Technology CHP Size| Payback IRR Payback IRR Payback IRR
Years Years Years
Microturbine 150 kw 3.68  24.01% 278 34.02% 206 47.49%
GasEngine 2.25 MW 273  36.31% 237 41.99% 1.88 53.11%
Gas Turbine 10 MW 284  35.15% 223 44.98% 1.77 56.74%
Gas Turbine 50 MW 216  46.52% 2.07 48.51% 166 60.66%

The Step 3 change represents an adjustment factor to the observed penetration rates for each
CHP sze range. For CHP projects under 1 MW, we assumed that the market penetration
rates given no change in IRR would increase exponentialy over the forecast period to a leve
200 times the higtorica rate by the year 2017. This factor is then multiplied by the penetration
rate caculated as a result of the change in the IRR. For the 1-5 MW Sze range, market
penetration rates as a function of IRR are projected to increase over the forecast period to a
factor of 50 by the final year. For the 520 MW class, the factor is 5. For the 20-50 MW
sze, the factor is 1.5, and for al larger projects there is assumed to be no increase in market
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response. These factors were selected based on a quditative assessment of the level of market
penetration historically observed and the increase in companies addressing the smaler packaged
market segments. The very low market penetrations in the smaler Sze categories are due only
in part to lower economic vaue. Part of the reason for low penetration in these market
segments has been the lack of marketing effort to develop projectsin these smal szes. Mogt of
the marketing effort has gone into the development of larger CHP projects.

High Case Market Penetration Results

The combined impact of each of the three sets of changes for the high penetration case is shown
in Figure 3-3.4. Market penetration in MW rises over the forecast period as the marketing
effort in the smdler 9zed systems begins to provide higher response rates in the later years.
Market penetration of the largest systems (above 50 MW) fdls off over the forecast period as
market saturation approaches 100%.

Figure 3-3.4. High Case CHP Market Penetration Forecast
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The cumulative market penetrations and saturations for the remaining market for the high market
casein totd and the three incrementa steps in constructing the case are shown in Table 3-3.7
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Table 3-3.7. High Case Cumulative Additionsin Capacity and Projects
and Percent Saturation of Total Remaining Available Market

CHP Category Cumulaive Cumulaive % of Tota
by Sze Penetrationin  Penetration in Market
MW Units Penetrated
Base Case
50-250 kW 0.8 8 0.03%
250-1000 kwW 1.7 14 0.25%
1-5 MW 32.7 14 1.01%
5-20 MW 243.5 27 10.92%
>20 MW 3724.7 45 59.12%
Tota 4009.4 108 22.28%
Better Package Cost and Performance (Step 1)
50-250 kW 2.6 26 0.08%
250-1000 kwW 11.0 20 0.35%
1-5 MW 46.7 19 1.44%
5-20 MW 393.6 44 17.65%
>20 MW 4122.1 50 65.43%
Tota 4575.9 159 25.43%
Better CHP Package and CHP Initiatives (Step 1-2)
50-250 kW 13.0 130 0.41%
250-1000 kwW 15.9 29 0.51%
1-5 MW 67.7 28 2.09%
5-20 MW 542.7 61 24.34%
>20 MW 5503.9 66 87.36%
Tota 6143.1 314 34.14%
High Market Scenario Totd (Step 1,2,3)
50-250 kW 389.9 3904 12.46%
250-1000 kwW 568.9 1031 18.36%
1-5 MW 793.7 331 24.54%
5-20 MW 1319.7 148 59.18%
>20 MW 5816.5 75 92.33%
Tota 8888.7 5490 49.40%
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CHP Benefits

Emission rates for centra gations are changing rapidly, mostly because of the Best Available
Control Technologies (BACT) and the Best Available Retrofit Control Technologies (BARCT)
rules that are being implemented statewide®™. Centrd station emission rates for year 2000
have been assumed to be boilers meeting BARCT:; for year 2005, rates are assumed to be the
operation of the high efficiency combustion turbine siting cases currently before CEC. Rates
considered representative of displaced generation are .15 IbMWH® for year 2000 and .042
lbsMWH for year 2005. These numbers represent conservative estimates of the grid and do
not include any out-of-state NOx contribution, or any non-BARCT boilers®, SCR is assumed
for combustion turbines and combined cycle units, low NOx burners for gas boilers, flue gas
recirculation for boiler offsats.

CHP NOx numbers in the tables that follow represent NOx reduction strategies for each
technology that reasonably available, in other words, strategies that are available and rlatively
cost-effective today. For the SOkW — 250kW engines, the control is stoichiometric engine with
a threeway catdyst; the 250kW — IMW engine is a lean-burn engine without SCR; the gas
turbines less than 20MW in Sze are assumed to use SCR to achieve 9ppm of NOx at 15%
oxygen; and the turbines larger than 20 MW are assumed to use SCONOX.

Energy and Economic Savings

The base case creates 4,009 MW of CHP by 2017, the end of the forecast period. The high
case adds 8,889 MW by 2017. Edimates of CHP energy savings and user savings are
presented in Table 3-3.8, for the Base Case and High Case. By 2017, the Base Case saves
Cdlifornia consumers 149 trillion Btwyear and $339 million/year. The comparable 2017 figures
for the High Case are 347 trillion Btuyear and $971 million/year. The energy savings represent
52 to 56% of the energy required the utility industry to generate the same quantity of power.
The net user savings after dl costs of CHP construction and operation are subtracted represent
25% of the CEC forecast industrid cost of dectricity in 2017 for the Base Case — 33% in the
High Case.

% CARB, Power Plant Siting and Best Available Control Technology, June 1999

% Assumes 015 IbsMMBtu at 10,000 BtwkWh. Datafrom private correspondence with Mait Layton of CEC, August
1999

37 Assumes 006 |bsMMBtu at 7,000 BtwkWh. Data from private correspondence with Mait Layton of CEC, August
1999

¥ New owners of some of the recently transferred utility generators, such as the Encina Power Station, are filing
variances to extend the time they have to comply with BARCT. Cabrillo Power, San Diego County APCD
Hearing Board Petition for Variance, September 7, 1999.
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Table 3-3.8 Energy and Economic Savings from CHP Deployment

Base Case High Case

Year CHP Net Energy User Savings User  |CHP Net Energy User User

Generation Saved $Millionyear Savings |Generation Saved Svings  Savings

GWhlyear 10"12 Btu ¢/kWh |GWhlyear 10M12 Btu $Millionlye ¢/kWh

ar

2001 2,906 15 $88  3.02 2,906 17 $103 354
2002 4,803 25 $38  1.82 5,840 34 $136 2.34
2003 6,651 35 $118  1.77 8,783 51 $200 2.28
2004 8,460 45 $146 1724 11,754 68 $262  2.23
2005 10,206 54 $168 165 14,729 85 $318 216
2006 11,911 63 $191 160 17,749 102 $375 211
2007 13,575 72 $211 156 20,823 119 $429 2.06
2008 15,191 80 $228 150 23,955 137 $480 2.00
2009 16,743 89 $239 143 27,140 155 $522  1.92
2010 18,268 97 $256 140 30,463 174 $574  1.89
2011 19,750 105 $267 135 33,928 194 $620  1.83
2012 21,200 112 $278 131 37,595 214 $670 1.78
2013 22,628 120 $292 129 41543 236 $726  1.75
2014 24,026 127 $302 1.2 45,826 260 $779 170
2015 25,401 134 $312 123 50,551 286 $836  1.65
2016 26,757 142 $324 121} 55,870 314 $901 161
2017 28,097 149 $335 119 61,949 347 $971 157
Energy
Saved 5,295 5,602
BtwkWh
Emissons Benefits

\Estimates of CHP NOx reductions are as follows, for basecase (BC) and high case (HC) are
presented in Table 3-3.9. Negative numbers indicate reductions of tons of NOx. No out-of-
date NOx is included in this andyss. The reductions gppear mogtly in the large turbines with
SCONOx, which in combination with boiler offsets create a net benefit. Because these large
systems represent the mgjority of MW, particularly in the base case, the NOx reductions they
creste make an overal NOx benefit for future CHP. The postive NOx numbers in the smaler
technologies are illugrative of Cdifornia’s low in-state emisson rate. These results should not
be congdered definitive, however, but only illugrative. Dispatch modding which accounts for
the dispatch order of new generation and emisson rate changes for existing boilersis needed to
give afirm bassfor in-dtate grid emisson rates.
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Table 3-3.9 NOx Savings from CHP Deployment

Net NOx

Tons yr 2000
CHP unit size Basecase
50-250 kW (0.2)
0.25-1 MW 16.5
1-5 MW
5-20 MW
>20 MW
Totals

Net NOx Net NOx Net NOx
Tons yr 2000  Tons yr 2005 Tons yr
2005

High case Basecase High case
(36.3) 0.2 101.8

1221.0 19.2 1422.5

113.7 179 435.1

(169.8) 67.3 364.6
(5023.5) (1708.7) (2668.3)
(3895.0) (1604.1) (344.3)

Estimates of CHP CO, reductions are presented in Table 3-3.10, for basecase (BC) and high

case (HC) in 2000 and 2005:

Table 3-3.10 CO, Savings from CHP Deployment

CHP unit size

50-250 kW
0.25-1 MW

1-5 MW
5-20 MW
>20 MW

Totals

CO2 Emissions
Instate 2005
Basecase

(2,329)
30,961
(2,447,539)

(2,417,993)

CO2 Emissions
Instate 2005
High case

424,029
3,826
(56,588)
167,780
(3,822,088)

(3,283,041)

CO2 Emissions
Grid 2005
Basecase

(77)
(9,045)
(46,538)
(298,616)
(7,488,376)

(7,842,653)

CO2 Emissions
Grid 2005
High case

(37,661)
(669,846)
(1,130,784)
(1,618,202)
(11,693,879)

(15,150,372)

It is evident from the totas tha the difference between the base case and the high case is
ggnificant. The Department of Energy CHP Chdlenge is to double CHP by 2010. Thet is
achieved by the high case in 2012 (assuming the same MW in 1998 through 2000 as are
predicted for the base case year 2001), but not by the base case, since doubling requires
another 6457 MW must be built. Over the entire study period from 2001 to 2017, the high
case saves an additiond 215,000 GWh of dectricity; generates an additiona net savings of
1330 TBtu; and an additiona net user savings of over $5 billion.
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Rdiability Benefits

The rdiability benefits are cdculated according to the methodology defined in Section 2.2
Egtimation of the Benefits of Existing CHP. The vaue of increased religbility due to ongte
generdion isasfollows:

Rdiability Benefit = (Expected Outage Hours/yr) x (Outage Cogt/hr) x (Ondte gen. Availability
factor)

As defined in the Section 2.2, the expected annud rdligbility benefit is estimated at $114/kW of
CHP capacity for commercid systems and $28.50/kW for industrial systems.  The market
penetration estimates made in this section were developed as a function of CHP sze — the
commercid and industria markets were combined by sSze in this approach. Therefore, to
esimate the reliability benefit of the cumulative market penetration estimates, we assume that the
share of commercid and indudtrid systems is proportiond to the share of the systems in each
gze range identified as the remaining CHP technical market potential. In the smalest Sze range,
50-250kW, commercia systems comprise 100% of the assumed potentid. In the largest size
range, greater than 20 MW, commercid systems comprise 15% of the totd and industria
systems comprise 85%. A weighted average rdiability benefit was caculated for each sze
range as shown in Table 3-3.11.

Table 3-3.11 Reliability Benefit of Base and High Case Scenarios

CHP Category by  Cumulative Weighted Average Annud Rdiahility}
Sze Penetration in Annud Outage Benefits
MW Cost/kW *

Base Case

50-250 kW 0.8 $114.00 $90,407|
250-1000 kW 7.7 $87.45 $671,778
1-5 MW 32.7 $67.51 $2,205,220
5-20 MW 243.5 $53.91 $13,128,452
> 20 MW 3724.7 $40.99 $152,685,784]
Tota 4009.4 $42.10 $168,781,640
High Case

50-250 kW 389.9 $114.00 $44,446,388
250-1000 kW 568.9 $87.45 $49,747,362
1-5 MW 793.7 $67.51 $53,582,600
5-20 MW 1319.7 $53.91 $71,143,029
> 20 MW 5816.5 $40.99 $238,434,754
Tota 8888.7 $51.45 $457,354,133

CHP capacity can provide grid support benefits to utility digtribution companies (UDC).
Optimdly placed CHP or other forms of digtributed generation can defer the need for
distribution capacity investment. These benefits are very Ste specific and there is currently no
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accepted mechanism for vauing them. In a restructured dectricity market with performance
based ratemaking for UDCs, there will be opportunities for UDCs and customers to negotiate
for grid support. UDCs can defer substation upgrades and other distribution investments with
digtributed generation placed a the load center. A typica substation upgrade costs about
$200/kV A for the subgtation transformer, substructure, buswork, protective devices, and other
costs. A typica 10-16 MVA upgrade costs $2-3 million with a 2-year lead-time. Planners
must forecast the substations that will need upgrading in advance; inaccuracies in forecasting
lead to overbuilding or congtrained areas. If 10% of cumulative CHP additions are used to
avoid subgtation investments, then the grid support benefit would be $80 to $180 million totd.
There is redly no way to further quantify this benefit without the emergence of a procedure for
utilities to identify Sites and negotiate contracts with generator.

3.4 Conclusions

Cdifornia became the largest market for CHP in the United States during the 1980s as a result
of very high utility costs and attractive rules for utility buy-back of CHP generated power.
Severd factors combined to end the huge penetration rates experienced in the late 1980s.
environmental rules tightened; smal system packagers left the business due to excessve costs
for ingdlation and maintenance and, in some cases, a poor track record in the fidd; utilities
began to more effectively counter CHP development with economic deferrd rates that were
possible due to the low margina cost of power in the increasingly competitive wholesae power
market.

The trangtion of the Cdlifornia dectricity market wholesde and retail competition are expected
to lower red commercia and industrid average eectric prices congderably once the trangtion
cost recovery period is completed sometime in 2001 or 2002. According to the CEC forecast
used for this andyss, average retall commercia costs will drop to 6.2 ¢/kwWh and indudtrid
cogs will drop to 4.8 ¢/kwh. This price drop will occur fairly quickly after the end of the
trangition period.

The pogt trangtion economic climate will more closdly resemble the Stuation that exists today in
lower cost power states. In these states, current penetration of CHP is much lower than in the
current high cost gates, like Cdifornia.

In the base case forecad, the future CHP penetration is expected to continue at a declining level
over time based on the average penetration rates experienced during the 1991-1996 period
after the end of the initid market boom period for a totd incremental penetration of CHP of
4000 MW. Over 90% of this penetration will be in the largest indudtrid sze category of 20
MW and above resulting in a market saturation of 59% of the remaining potentid in this size
range.
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In the base forecast, penetration of smaler packaged cogeneration systems less than one
megawett will continue to be an extremely smal percentage of total unredized potentid — less
than 1% of tota potentid sites. It should be emphasized that the base-case forecast depends on
the penetration of CHP at historica and forecast energy prices and does not take into account
the aggressve maket plans of energy service providers that plan to offer packaged
microturbines or fuel cells a an attractive price to smal customers.

The economics of the largest CHP systems will continue to be atractive. Penetration rates
within this sector are forecast to equal two-thirds of the available, unredized potentid.

In the high penetration case, improvement to CHP package cost and performance, dl else being
equa, would raise cumulative CHP penetration over the forecast period from 4000 to 4575
MW — an increase of 14%. Adding the impacts of the various CHP initiatives to the improved
technology would increase cumulative market penetration to 6143 MW — a tota improvement
compared to the base case of 53%. Findly, adding in the impacts of increased marketing effort
and higher customer response rates provides for a cumulative CHP market penetration of 8,889
MW — a 222% increase compared to the base case. In the high case scenario, market
saturation for the smalest szes of CHP would increase from less than 1% to 12-18%. This
increase represents dmost 5000 smdl systems with a combined capacity of nearly 1 megawatt.
Improvements in the middle range systems of 1-20 MW is aso substantia, growing from 277
MW of cumulative penetration in the Base Caseto 2113 MW in the High Case.
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Appendix 2-1 Distribution of Existing CHP by Fuel and
Prime Mover
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Prime Mover by 2 Digit SIC Code

BS/T CcC CT fcel RENG
SIC2 SIC2 Name # of Site MW Capacity |#of Site |MW Capacity |# of Site |[MW Capacity | # of Site MW Capacity | # of Site [MW Capacity
1JAgricultural Production 1 6.5 5 6.344]
13]Oil & Gas Extraction 4 117 3 394 50) 1615.28 10 9.879
14]Nonmetallic Minerals, except fuels 1 55.4 1 45
20]JFood & Kindred Products 7 95.75]] 8 646 13| 256.405 1 0.2 10| 12.289
22| Textile Mill Products 1 1.05
24]L umber & Wood Products 17 257.0§ 1 49.5
26]Paper & Allied Products 1 13.5 5 158.6 8 364 1 1.4
27]Printing & Publishing 2 5.02 2 5.2
28]Chemicals & Allied Products 3 105 2 126.6 6 161.3 2 2.242)
29]Petroleum & Coal Products 3 58.5 5 650.42 5 209.3
30JRubber & Misc. Plastic Prods. 1 0.387]
32|Stone, Clay & Glass Products 2 51 1 48.4 3 2.3
33]Primary Metal Industries 3 0.395
34|Fabricated Metal Products 12 1.843
35]Machinery & computer Equip. 4 2.565
36]Electric & Electronic Equip. 4 6.978]
37]Transportation Equipment 1 8.9 2 6
39IMisc. Manufacturing Industries 1 11.477| 4 3.26)
42]Motor Freight Transportation & Warehousing 2 56
44]Water Transportation 1 1.3
45| Transportation by Air 1 30
46]Pipelines, except Natural Gas 1 17]
48]Communications 1 6
49]Electric, Gas, Sanitary Services 1 49.4 15| 46.3]
51]Wholesale Trade - Non-durable goods 2 0.325
54]Food Stores 1 0.085]
55]Automotive Dealers & Gasoline Service Stations 1 0.1
57|Furniture, Home Furnishing & Equipment Stores 2 1.475
58]Eating and Drinking Places 1 0.04] 10 0.918
65]Real Estate 3 10.4 33 4.82
70]Hotels, Rooming houses, Camps & other L odgings 2 1.9 1 0.2 54 7.329
72|Personal Services 1 0.08 67 1.047
73]|Business Services 1 29 1 3.375)
75]Automotive Repairs, Services & Parking 1 0.06)
79]Amusement & Recreational Services 1 49.8 1 0.11 45 5.577|
80]Health Services 3 85.406] 8 10.639 3 1 41 17]
82|Educational Services 4 91.35) 8 80.837 1 0.2 102 25.929
83]Social Services 2 0.22
86]M embership Organizations 1 0.48
87]|Engineering & Management Services 1 3 1 3.8 1 1.3
89]Misc. Services 2 0.07
91]Executive, Legislative & General Governmen{ 7 5.079
92]Justice, Public Order, Safety 1 28.14 1 0.2 3 3.725
95|Environmental Quality & Housing 1 0.2 2 8.68
96]JAdministration of Economic Programs 1 3.5
97]National Security & International Affairs 3 107.2 2 1.6 2 2.595
41 808.031 39 2421.093 119 2951.886 10 2.12 458 193.931



Industry AG BMTH COAL N G O-ES OIL
SIC2 # of Site MW Capacity |#of Site |MW Capacity J# of Site [MW Capacity |# of Site MW Capacity |# of Site MW Capacity |# of Site
1| Agricultural Production 6 12.83]
13]0il & Gas Extraction 3 115.5 60 2011.48] 2
14]Nonmetallic Minerals, except fuels 2 100.4
20[{Food & Kindred Products 2 25 2 57.5 35 928.13
22| Textile Mill Products 1 1.05]
24{Lumber & Wood Products 1 44 1 49.5 2 32.5
26|Paper & Allied Products 14 524
27|Printing & Publishing 4 10.22]
28[Chemicals & Allied Products 1 96 7 235.501 1
29|Petroleum & Coal Products 7 656.72
30{Rubber & Misc. Plastic Prods. 1 0.387]
32[Stone, Clay & Glass Products 4 50.7 1 27
33|Primary Metal Industries 3 0.395]
34{Fabricated Metal Products 12 1.843]
35|Machinery & computer Equip. 4 2.565
36| Electric & Electronic Equip. 3 6.078] 1
37| Transportation Equipment 3 14.9
39{Misc. Manufacturing Industries 4 3.26
42| Motor Freight Transportation & Warehousing 2 56
44]Water Transportation 1 1.3
45| Transportation by Air 1 30
46 Pipelines, except Natural Gas 1 17
48| Communications 1 6
49 3 4.15 10 88.75 3 2.81
51|Wholesale Trade - Non-durable goods 2 0.325
54{Food Stores 1 0.08
55[Automotive Dealers & Gasoline Service Stations 1 0.1
57|Furniture, Home Furnishing & Equipment Stores 2 1.47
58|Eating and Drinking Places 10 0.88 1 0.065]
65[Real Estate 36 15.22]
70]Hotels, Rooming houses, Camps & other L odgings 56 9.419 1 0.011
72|Personal Services 67 1.117] 1 0.011]
73[Business Services 2 32.37]
75| Automotive Repairs, Services & Parking 1 0.06)
79| Amusement & Recreational Services 46 55.4 1 0.03
80[Health Services 55 114.03
82|Educational Services 112 197.99 3 0.22
83[Social Services 2 0.22
86[M embership Organizations 1 0.48
87|Engineering & Management Services 3 8.1
89[Misc. Services 2 0.07
91{Executive, Legislative & General Government 7 5.07
92| Justice, Public Order, Safety 5 32.06]
95[Environmental Quality & Housing 1 7.5 2 1.38]
96| Administration of Economic Programs 1 3.5
97|National Security & International Affairs 7 111.39
2 25 4 11.65 7 313 608 5399.74 13 62.647 4




Appendix 2-2 Usar and Environmental Savings calculation
sheets
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Calculated Energy Savings

California CHP Capacity Number Capacity| Electri Recov. Heat CHP Avoided Energy Use Electric CHP Fuel Net]
¢ Effic. Heat Used Used Savings| Fuel use for
Thermal Power Gen
Type Size MW % Btu/kWh % MWhly Line loss Total 1002 Btu 10712 Btu 1002 Btu 10712 Bty Btu/MWh
Boiler Gasfired Boiler 9 149 30% 4,551 80% 891,060 62,374.20 953,434 10.23 4.05 10.14 4.15 11.48
Oilfired Boiler 4 61 33% 3,827 80% 366,000 25,620.00 391,620 4.20 1.40 3.79 1.82
Solid Fuel Boile 28 599 30% 4,551 80%| 3,591,480 251,403.60 3,842,884 41.23 16.34 40.86 16.72
CT CT <1 MW 11 7 23% 7,872 70% 39,840 2,788.80 42,629 0.46 0.27 0.60 0.13
CT 1-20 MW 61 347 28% 5,754 70%| 2,083,524 145,846.68 2,229,371 23.92 10.49 25.76 8.64
CT 20-50 MW 38 1,523 35% 4,192 80%| 9,135,126 639,458.82 9,774,585 104.87 38.30 90.11 53.06
CT 50+MW 10 1,156 33% 4,300 90%| 6,933,000 485,310.00 7,418,310 79.59 33.54 71.70 41.43
cC CC 1-20 MW 6 58 34% 4,500 70% 348,762  24,413.34 373,175 4.00 1.37 3.50 1.88
CC 20-50 MW 23 822 40% 3,510 80%)]| 4,931,796 345,225.72 5,277,022 56.62 17.31 41.87 32.06
CC 50+ MW 10 1,541 48% 2,250 90%| 9,246,000 647,220.00 9,893,220 106.15 23.40 65.61 63.94
Fuel Cell |PAFC Fuel Cell 10 2 36% 3,000 60% 12,720 890.40 13,610 0.15 0.03 0.12 0.05
Engine R.Eng. <200 kV] 413 54 25% 4,433 60% 322,440 22,570.80 345,011 3.70 1.07 4.40 0.37
R.Eng. ~1.5 M\ 36 66 31% 4,095 70% 398,580  27,900.60 426,481 4.58 1.43 4.35 1.65
R.Eng >6MW 9 74 34% 2,818 80% 443,880  31,071.60 474,952 5.10 1.25 4.49 1.85
Totals 668 6,457 38,744,208 | 2,712,095 | 41,456,303 444,79  150.27 367.31 227.75
notes: 11.48 3.878427 9.48
1. Existing CHP capacity from Hagler-Bailly database by prime mover, sorted into size categories with similar costs and efficiencies.
2. Electric efficiencies and recoverable heat available estimated from representative technologies (Boiler numbers are not finalized)
3. Amount of recoverable heat utilized was estimated judgmentally. Smaller projects assumed to use a lower percentage than larger projects.
4. CHP assumed to run 6438 hours per year based on comparison with historical data (after subtracting small power projects)
5. Utility average heat rate assumed to be 9894 Btu/kWh, line losses assumed to be 4%. (needs to be checked)
6. Line losses of 0.07 reciprocal 0.93

Standard measures: 1000 MW/kKW



Calculated User Savings

California CHP Capacity |Number Capacity| Electric Recov. Heat Used Capital O&M Cost Power  Thermal Net Utility User|
Effic. Heat Cost Cost Credit Power Electric ~ Savings
Type Size MW %  Btu/kWh % $/kWh $/kWh $/kWh $/kWh $/kWh $/kWh  $million/yr,
Boiler Gasfired Boiler 9 149 30% 4,551 80%|( $1,000 $0.010 $0.066 ($0.014) $0.052 $0.070 $13.34
Oilfired Boiler 4 61 33% 3,827 80%| $1,000 $0.010 $0.063 ($0.011) $0.051 $0.070 $5.77
Solid Fuel Boilg 28 599 28% 4,551 80%)| $1,000 $0.010 $0.068  ($0.014)  $0.055 $0.070 $46.32
CT CT <1 MW 11 7 23% 7,872 70%| $1,000 $0.006 $0.073 ($0.021) $0.052 $0.100 $1.61
CT 1-20 MW 61 347 28% 5,754 70%| $1,000 $0.004 $0.063 ($0.015) $0.048 $0.070 $39.13
CT 20-50 MW 38 1,523 35% 4,192 80% $900 $0.003 $0.052 ($0.013) $0.040 $0.060 $157.34
CT 50+MW 10 1,156 33% 4,300 90% $600 $0.003 $0.047  ($0.015)  $0.033 $0.050  $102.17
CC CC 1-20 MW 6 58 34% 4,500 70%| $1,200 $0.005 $0.061 ($0.012) $0.050 $0.070 $6.05
CC 20-50 MW 23 822 40% 3,510 80%| $1,100 $0.004 $0.054 ($0.011) $0.043 $0.060 $71.08
CC 50+ MW 10 1,541 48% 2,250 90% $800 $0.004 $0.043  ($0.008)  $0.035 $0.050  $116.13
Fuel Cell [PAFC Fuel Cell 10 2 36% 3,000 60%)| $1,500 $0.010 $0.071 ($0.007)  $0.065 $0.100 $0.38
Engine R.Eng. <200 kW 413 54 25% 4,433 60%| $1,000 $0.015 $0.078 ($0.010) $0.068 $0.100 $8.80
R.Eng. ~1.5 M\ 36 66 31% 4,095 70% $750 $0.010 $0.059 ($0.011) $0.048 $0.070 $7.30
R.Eng >6MW 9 74 34% 2,818 80% $750 $0.010 $0.057  ($0.008)  $0.048 $0.060 $4.40
Totals/Averages 668 6,457 37% 3,775 83% $866 $0.005 $0.052 ($0.012) $0.041 $0.058  $579.83
Assumptions:
Capital Recovery Factor] 13.15%
CHP Fuel Cost ($/MMBt|  $3.00
notes:

1. Capital cost estimates based on ONSITE SYCOM data, fuel cell cost is net of available credits.

2. Capital recovery factor based on 15 year life 10% return
. O&M costs based on ONSITE SYCOM data
Gas cost is assumed to be $3.00/MMBtu
Thermal cost savings based on comparison to gas fired boiler at 80% efficiency
. Average utility power costs are based on the size of use.

. Savings are estimated at 85% of the difference between utility and net CHP power costs to account for standby charges.

~No U A W



Calculation of Gross and Net NOx Emissions for California CHP

in-state out-state _in-state __out-state in-state __out-state

California CHP Capacity Number  Capacity CHP Output Thermal NOx| weighted weighted avg NOx Boiler Offset weighted avg Electricity  Including Emissio Emissio Grid Grid Offset Net NOX| Net NOx|

Emissions avg NOx NOx emissions Emissions boiler offset Offset LinelLoss nRate nRate Offset Emissions| Emissions|

Type Size MW MWh/y 1012 Btu |b/MWh no solid fuel 1076 Ibs 1076 Ibs Ibs/MWh MWh MWh _Ib/MWh __Ib/MWh 1076 |bs 1076 Ibs Tons Tons|

Boiler Gasfired Boiler 9 149 891,060 4.05 0.398 0.009 0.013 0.35 0.18 891,060 953434.2 0.46 1.56 0.44 1.49 (132.56) (654.12)

Oilfired Boiler 4 61 366,000 1.40 0.749 0.007 0.007 0.27 0.06 366,000 391620 0.46 1.56 0.18 0.61 15.53 (198.69)

Solid Fuel Boile 28 599 3,591,480 16.34 1.800 0.167 0.000 6.46 0.72 3,591,480 3842883.6 0.46 1.56 1.78 5.99 1,982.99 (119.17)|

CT CT <1 MW 11 7 39,840 0.27 0.150 0.000 0.001 0.01 0.01 39,840 42628.8 0.46 1.56 0.02 0.07 (12.90) (36.22)

CT 1-20 MW 61 347 2,083,524 10.49 0.124 0.007 0.060 0.26 0.46 2,083,524 2229370.7 0.46 1.56 1.03 3.47 (618.02)| (1,837.55),

CT 20-50 MW 38 1,523 9,135,126 38.30 0.099 0.023 0.209 0.90 1.68 9,135,126 9774584.8 0.46 1.56 4.54 15.23 (2,655.60)| (8,002.57)

CT 50+MW 10 1,156 6,933,000 33.54 0.103 0.019 0.167 0.72 1.47 6,933,000 7418310 0.46 1.56 3.44 11.56 (2,096.71)| (6,154.73)

ccC CC 1-20 MW 6 58 348,762 1.37 0.100 0.001 0.008 0.04 0.06 348,762 373175.34 0.46 1.56 0.17 0.58 (99.14) (303.28)

CC 20-50 MW 23 822 4,931,796 17.31 0.085 0.011 0.097 0.42 0.76 4,931,796 5277021.7 0.46 1.56 2.45 8.22 (1,393.96)| (4,280.64)

CC 50+ MW 10 1,541 9,246,000 23.40 0.071 0.017 0.152 0.66 1.02 9,246,000 9893220 0.46 1.56 4.59 15.42 (2,479.86)| (7,891.73)

Fuel Cell [PAFC Fuel Cell 10 2 12,720 0.03 0.020 0.000 0.000 0.00 0.00 12,720 13610.4 0.46 1.56 0.01 0.02 (3.66) (11.10)

Engine R.Eng. <200 k! 413 54 322,440 1.07 0.444 0.004 0.025 0.14 0.05 322,440 345010.8 0.46 1.56 0.16 0.54 (32.01) (220.74)

R.Eng. ~1.5M 36 66 398,580 1.43 0.444 0.005 0.030 0.18 0.06 398,580 426480.6 0.46 1.56 0.20 0.66 (41.82) (275.11)|

R.Eng >6MW 9 74 443,880 1.25 0.444 0.005 0.034 0.20 0.05 443,880 474951.6 0.46 1.56 0.22 0.74 (39.15) (298.96)|

Totals 668 6,457 38,744,208 150.27 0.274 0.804 10.60 6.57 0.17 38,744,208 41,456,303 19.24 64.60 _ (7606.87)] (30284.61)
Notes:

1 Gas fired boiler emissions are based on EPA AP-42 small boiler low NOx burner (35 Ibs/10"6 SCF) (assumed 1030 Btu/scf) and then converted to MWh using generation efficiency
2 Coal fired boiler emissions are based on EPA AP-42 bituminous, dry-bottom, wall-fired NSPS 12 Ib/ton of coal (22 1076 Btu/ton)
3 Oil fired boiler emissions are based on EPA AP-42 #2 oil boiler w LNB/FGR 24 1b/1000 gal of fuel
4 CT and CC emissions are based on an average observed results of testing on SCR by EPA in AP-42 = .01 Ibs/mmbtu
5 Engine emissions based on 1.0 g/bhp-hr (not the current BACT)
6 Fuel Cell emissions from Task 1 report
7 Avoided boiler emissions based on EPA AP-42 small gas boiler with flue gas recirculation (50 Ibs/10"6 SCF)



size

50-250kW
250kW-1MW
1-5MwW
5-20MW
>20MW

totals

cap factor

basecase high case basecase high case
MW MW Mwh MWh

079  389.88 4,863 2,390,748
768  568.89 47,107 3,488,438
32.67 793.73 228,926 5,562,457
24353 1,319.67 1,706,636 9,248,255
372470 5,816.51 26,102,708 40,762,097

4,009 8,889 28,090,240 61,451,994

CHP Fuel

Boiler Fuel

MMbtu/MWh MMbtu/MWh

13.65
10.92
10.12
12.36
10.34

(2.66)
(2.87)
(2.25)
(4.03)
(3.87)

Net fuel
btu/Mwh

10.99
8.05
7.86
8.33
6.47

Cco2
1b/10"6 Btu

120.00
120.00
120.00
120.00
120.00

Emission rate CHP tons/MWh

1318.6
966.1
9435

1000.1
776.3

Cco2

0.659
0.483
0.472
0.500
0.388

CHP tons
CO2-BC

3,206
22,754
107,997
853,440
10,132,122

11,119,519

CHP tons
CO2-HC

1,576,201
1,685,006
2,624,124
4,624,786
15,822,364

26,332,480

Instate 2005

Instate 2005

CO2 Offset - BC CO2 Offset - HC

2,344
22,702
110326
822,478
12,579,661

13,537,511

1,152,172
1,681,181
2,680,711
4,457,006
19,644,451

29,615,521

OOstate 2005

OOstate 2005

co2

co2

co2

CO2 Offset - BC CO2 Offset - HC Instate 2005-BC

3,283
31,799
154,535
1,152,056
17,620,498

18,962,171

1,613,862
2,354,852
3,754,908
6,242,987
27,516,243

41,482,852

863
52

(2,329)
30,961

(2,447,539)

(2,417,993)

CO2 Emissions

Instate 2005-HC OOstate 2005-BC OOstate 2005-BC

424,029

3,826
(56,588)
167,780
(3,822,088)

(3,283,041)

(77)
(9,045)
(46,538)
(298,616)
(7,488,376)

(7,842,653)

(37,661)
(669,846)
(1,130,784)
(1,618,202)
(11,693,879)

(15,150,372)
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Jun-03-98 08:11P S.E.R.A.,

N

Inc. +1 916 782-4528

SoCealGas UEG Customer End-Use Specific Avoided Energy Em.m and Emissions [9/97 Update}

A. Edison

Table D-1 Edison Entissions Summary -~ Flat Load Case
LA AIRSHED
Weight Incremental Emisdon Rates (IVMWh}
Year Factor NOx S$Ox (&3] PM10 ROG [%e]
1958 0.4480 0.3611 0.0100 0.3401 0.0348 0.0839 12320
159% 0.4613 0.4353 0.0102 0.3808 0.0393 0.0854 1237.9
2000 0.5560 0.5291 00107 03800 0.0417 0.0844 1209.7
2001 0.5437 0.5068 0.0108 0.3739 0.0414 0.0810 1139.7
2002 0.5385 05982 0.0123 0.4043 0.0489 0.0848 1165.3
2003 0.5397 0.6422 0.0123 04071 0.050% 0.0%46 11585
2004 0.5360 0.5876 0.0123 0.408& 0.0517 0.0843 11526
2005 0.5394 07349 0.0123 0.4106 Q0333 0.0844 11473
2006 05191 0.7283 80122 0.3977 00515 0.0832 1144.1
2007 84970 0.7234 40122 0.3838 0.0496 0.0822 1139.1
2008 04731 07199 00122 0.3681 0.0474 0.0813 1131.8
2009 0.4471 0.7187 00122 0.3504 0.0449 0.0807 11216
2010 04191 0.7197 00122 0.3301 0.0421 0.0801 1107.4
OTHER IN-STATE
Year Factor NOx SOx co L PMI0 ROG co
1998 0.2229 1.0482 0.0098 (.3323 0.0341 00129 1134.0
1559 0.2526 0.8081 9.0218 03706 0.0443 0.0246 11556
2000 0.1973 L1578 0.0264 0.4328 G.0514 0.0322 12222
2001 0.2316 1.0484 00609 0.5850 0.0862 0.0683 1332.8
2002 0.23% 1.1884 0.1137 0.6552 01017 0.0854 1386.6
2003 0.2361 11821 0.1149 0.6679 0.1036 0.0874 1387.¢
2004 0.233: 1.1766 ¢.1161 0.6806 0.1055 00895 13804
2008 0.2299 L1709 01174 0.6942 G.1075 0.0915 1390.3
2006 02179 1.1925 1201 0.67%8 0.1050 0.0881 13875
2007 0.2080 12143 0.1229 0.6820 ¢.1018 0.0842 13799
2008 0.1939 1.2361 0,1260 0.6401 0.0980 00795 13679
2000 0.1819 1.2579 0.1292 0.6117 0.0932 0.0741 13501
2010 0.1698 1.2803 0.1327 0.5759 0.0876 0.0676 1325.3
CALIFORNIA p&serr
Year Factor NOx S0x co PMI10 ROG co2
1908 0.0543 1.2739 0.0097 0.7025 0.0788 0.0794 1152.0
1999 0.0315 1.3037 0.0098 0.6883 0.0757 0.0804 11683
2000 0.0668 1.2352 0.0100 0.56595 0.0612 0.0809 11852
2001 0.0382 1.103¢9 6.0084 04731 00T 0.0687 9918
2002 0.0290 1.1849 0.0093 0.5808 0.0638 0.0757 1103.Z
2003 Q.uze9 1.1753 0.0091 0.5737 0.0630 0.0746 10870
2004 0.0248 1.1691 0.0090 0.5678 0.0624 0.0738 10723
2005 00227 1.1586 0.0088 0.5585 0.0614 0.0718 1051.1
2006 0.5219 1.1624 0.0089 0.5534 0.06¢7 0.0723 1058.1
2007 0.0211 1.1697 0.5080 0.5404 0.0600 0.0730 1068.4
2008 0.0203 1.1736 0.0090 0.5436 0.0591 0.0736 1076.0
2009 0.0195 L1779 0.0091 0.5361 0.0581 0.0742 1083.9
2010 0.0187 1.1849 0,0002 0.5302 Q.0572 0.0750 1095.4
QUT OF STATE
Year Factor NOx SOx CO PM10 ROG co2
1968 02763 4213] 36810 0.321% 02598 00322 17894
1995 0.2547 43161 37604 03338 0.2608 0.0315 1895.1
2000 0.1798 4,4496 40446 03251 02738 00312 1503.1
2001 0.1364 43418 4.2508 0.3176 9.2699 0.0309 1396.6
2002 0.1930 4.5320 4.7568 0.3391 0.29%7 0.0323 20000
2003 0.1978 45119 4.7103 0.3331 0.2987 0.0316 19614
2004 0.2028 4.4783 4.6695 032R 0.2983 0.0300 19234
2005 0.2080 4.4515 4.6211 03218 0.2976 0.0303 18855
2006 0.2453 4.4755 4.7425 03230 0.3071 0.0305 18482
2007 0.2823 4.5101 4.8549 0.3249 0.315% 0.0308 1912.7
2008 03192 4.3461 4.9586 03212 0.3242 00310 1928.0
2009 0.355¢ 4.5852 5.059% 03297 03324 0.0313 1843.0
2010 0.3924 4.6282 5.1605 03324 0.3404 0.0215 1962.6

Sierra Energy and Risk Assessmerd, Jnc.
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Tm-03:99 08:13P S.E.R.A.,

Inc. +1 916 782-4528

3oCalGas UEG Customer End-Use Specific Avoided Energy, GT&D Costs and Erdasifns 1’37 Update]

C. PG&E
Table D-16 PG&E Emissions Summary — Flat Load Case
LA AIRSHED
Weight Encremental Emission Rates (1b/VWh)
Year Factor NOX SOx cO PMI10 ROG o2
1998 0.393% 0.3388 0.0093 03355 0.0346 0,0829 12133
1999 0.4264 05100 0.0103 03675 0.0377 0.0865 1254.5
2000 0.4995 0.5307 00108 03990 0.0429 0.0866 1233.8
2001 0.4865 05667 0.0108 02897 0.0440 0.0835 11642
2002 0.4847 0.6320 0.0126 04107 0.0511 0.0860 1163.0
2003 04956 0.7048 00128 04131 0.0524 0.0857 1159.7
2004 G.5067 0.7268 0.0125 04156 0.0537 0.0851 i154.8
2008 5178 0.7480 00125 0.4182 00550 0.0849 11504
20068 (4080 0.7413 0.0124 0.403% 0.0529 0.0835 1546,5
2007 0.4784 0.7360 0.0123 0.3883 0.0507 0.082% 1140.8
2008 0.4561 07322 00123 0.3705 0.0483 0.0816 1132.5
2009 0.4320 0.7304 0.0123 0.3508 0.0455 0.0808 112].1
2010 0.4059 0.7309 0.0123 0.3279 ,0423 00801 11056
OTHER IN-STATE
Year Factor NOx SOx CO PMI0 ROG cO2
1998 03156 0.9038 0.0099 0.3349 0.0339 0.0131 1135.1
1999 0.3191 0.6461 $4.0161 0.3570 0.0414 0.0211 11414
2000 0.2700 1,2310 0.6203 G.4193 0.0456 00274 1204.4
2001 0.2943 1.0854 0.0857 G.5474 0.079% 0.0616 1303.3
2002 0.3040 1.2613 0.0926 ¢.6079 0.0898 0.0731 1338.1
2003 0.2893 12273 0.0876 0.6253 0.0931 00765 1346.0
2004 0.2744 1.1935 0.1032 0.6446 0.0968 0.08M 13549
2008 0,2595 1.1599 0.1086 0.6654 0.1009 0.0845 1364.2
2006 0.2441 1.1817 0.1123 0.6549 0.0939 0.0818 1363.3
2007 0.2238 12028 0.1152 0.6398 0963 0.0785 1357.9
2008 02134 £.2251 0.1183 0.6209 0,0930 0.0746 1348.0
2008 0.1979 1.2465 01218 ¢.5950 0.0890 0.0699 13316
2010 0.1824 1.2688 0.1256 0.5627 0.0839 0.0641 1307.5
CALIFORNIA OFfrer
Year Factor NOx SOx COo PM10 ROG CO2
1998 0.0394 1.1444 0.0080 0.6197 0.0602 0.0736 10717
1999 0.0112 0.9985 0.001 0.1810 0.0120 0.0715 1072.4
2000 0.0554 1.1680 0.0097 04782 0.0497 00787 1159.2
2001 0.0376 1.1839 0.0086 0.7723 .0895 0.0710 10199
2002 0.0305 1.2020 0.0093 0.5896 0.0648 00759 1108.1
2003 0.0256 1.1932 6.0081 0.5040 0,0659 0.0744 1086.3
2004 0.0206 11822 0.0088 06282 0.0702 0.0725 1052.8
2005 0.0156 [.1667 0.0083 0.5643 0.0758 0.0638 998.2
2006 0.0163 1.1603 0.0085 0.6285 0.0710 0.06%4 16134
2007 0.0170 1.1546 0.0086 0.5958 00666 0,0700 1028.1
2008 0.0177 1.1470 0.00%7 0.5638 0.0623 05710 1038.8
2009 0.0184 L1432 0.0088 0.5339 0.0583 0.0718 1049.4
2010 0.0191 1.1377 0.0089 0.5085 0.0549 0.0723 1063.2
OUT OF STATE

Year Factor NOx $Ox [o2) PMi0 ROG coz
1998 0.2510 4.0743 37197 0.3570 0.2601 0.0306 1705.2
1999 0.2433 4,2090 37726 - 03204 0.2661 0.0301 18297
2000 0.1660 4.2496 39684 4.3029 0.26354 0.0291 17724
2001 01715 4,2533 4.3039 0.3073 0.2740 0.0294 18162
2002 0.1807 4.3520 4.6332 0.3233 0.2950 0.0303 18923
2003 0.1893 43650 4.6430 0.3193 0.2958 0.0301 1873.9
2004 0.1981 43600 46294 03162 02975 0.0298 1354.4
2005 0.2071 4.3611 46026 03125 0.2976 0.0296 18352
2006 0.2447 4.4076 47285 0.3163 0.3071 0.0300 18593
2007 0.2819 4.4556 4.3453 0.3199 03159 0.0304 1883.2
2008 03151 4.5048 4.9520 03234 03242 0.0307 1505.7
2009 0.3559 4.55%0 50591 03271 0.3325 0.0311 19289
2010 0.3926 4.5089 5.1614 0.3308 0.3406 0.031¢ 1951.8
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Appendix 2-4 Market Potential M ethodology

ONSITE SYCOM Energy Corporation Page 3-36 CHP Market Assessment Report



Methodology: Industrial Market

The MIPD data was analyzed to produce a CHP potentia of 4,480 MW. When we
modify the low E/T ratio sites, defined as those with E/T ratios <0.4, to the electrical
demand, rather than the steam site demand, the potential decreasesto 1,863 MW, with
880MW coming from the E/T sites <0.4 and the rest coming from E/T >0.4 but <1.5.
There were 3385 MW in sites with E/T ratios > 1.5. We assume that sites with E/T ratios
above 0.4 have been sized to the electric load already, so that the total electric only MW
for MIPD is equal to 3385 plus 1863, or 5248 MW. Sites with E/T ratios of <1.5
represent 35.5% of the total; those with E/T ratios >1.5 represent 64.5%.

If we were to extrapolate these characteristics to the entire population analyzed based on
the CEC&EDD electric only data, 35.5% of the industrial megawatts would present
characteristics favorable for combined heat and power. To derive total technical potential
from the CEC&EDD data, it will be necessary to account for sizing the CEC MW that are
<0.4 E/T to the steam load rather than the electric load. One starting assumption is that
CEC siteswhich are larger than 250kW will exhibit similar thermal and electric
characteristicsto MIPD. The calculation is performed in aggregate, to reduce errors of
SIC appropriation and other anomalies. Here is the entire procedure (see also the table to
follow): Begin with CEC&EDD total MW, al sizes, all electric, all E/T; subtract self-
generation; subtract MW at sites <250kW, giving the total electric utility generated
consumption in MW for all CEC&EDD sites with capacities >250kW in size. Now take
the MIPD electric only total potential, that is, for sites with <1.5 E/T ratios, to this
number add the total MIPD MW for sites>1.5 E/T to get total electric only MW for
MIPD; from this, subtract MIPD sites smaller than 250kW (if any) to get total electric
utility generated consumption in MW for all MIPD for sites with capacities >250kW in
size; now multiply by capacity factor to get average MW instead of peak MW. Next,
subtract this number from the CEC& EDD MW total (from above). Then derive the
percentage of all electric MW within the MIPD by dividing electric only MW by total
MIPD MW <1.5 E/T. Multiply this number by the result of the previous step to get this
gives the quantity of CEC& EDD MW that are al electric and <1.5 E/T. It is necessary to
figure out how much of the CEC&EDD potential is <0.4 E/T, assuming again that its
characteristics follow the E/T shape of MIPD. To do this we need a percentage of the
<1.5 MW that are <0.4. Get this by dividing MIPD <0.4 by the total all electric MIPD
MW <1.5. Multiply this percentage by the CEC& EDD MW to get the estimated
CEC&EDD MW <0.4 E/T. Now it isdesirable to find out how many MW of potential
would this CEC& EDD <0.4E/T represent if it were sized to include both thermal and
electric. To do this, we go again to MIPD to find out the ratio of electric only MW to
electric plusthermal MW. Do this by dividing MIPD electric plus thermal by electric
only. Now multiply thisratio by the CEC&EDD electric only MW to get CEC& EDD
thermal plus electric MW. Now add in the CEC&EDD MW that are >0.4 E/T but <1.5
E/T; thiswill give total CEC& EDD MW that are < 1.5 E/T. Finaly, add back the MIPD
MW to get the total potential for the industrial sector.

Methodology: Commercial and I nstitutional Market

Electricity and gas consumption data was provided for a number of four digit activitiesin
the State of California. The same methodology as above was used to estimate the
average demand in each of these size bins. An approximate E/T ratio estimated from the



total electric and gas consumption for each subsector can give an indication of thermal
energy used, and therefore a rationale related to the soundness of CHP for this economic
activity. Thelist of E/T ratios suggests that some activities may be less suitable than
othersin the C&I sectors. The grand total estimate is amost 9.2 GW of electric demand,
over more than 230,000 sites (based on sales of natural gas and electricity). If we
eliminate SIC 4941 (Water Treatment), and Supermarkets (SIC 54) our estimates are
6.983 MW for al sites. If we further subtract all commercial sites with electrical
demands less than 50 kW, the site count drops to 26,815, with an average of just under
209 MW per site. We have matched the technical potentia to the electric load only.
Adjustments to steam loads would be warranted for those SIC activities which
demonstrate avery low E/T ratio. With the elimination of these SICs, the total C&|
potential can be calculated, without accounting for any increases due to large steam load
matching. There are fewer than 111 sitesin the C& | sector with estimated demands
greater than 5 MW, which although understated, may make it less likely that electricity
exports a high steam consumption sites are a significant figure. It is more likely that
electrical site demand will drive sizing in C&1 installations.

Uncertainties

The procedure for calculating the industrial sector market potential depends upon the
extrapolation of data from MIPD to smaller industrial plants. It is possible that smaller
plants do not have the same characteristics of internal proportion as larger ones within
given industries, in which case apply the ratios for the larger plants to the smaller ones
would lead to inaccuracies and over- or under-estimations of potential. Thisistrue as
well for assigning potential to SICs. Although the MIPD data should show valid
absorption rates, when we assign the CEC MW to a particular sector, thisis done based
on the number of existing MW for the sector as a percentage of total MIPD MW. It
could be that this additional potential isin another sector, as yet untapped by CHP. Thus,
untapped potential markets for CHP may be misassigned within the sectors by this
procedure

The calculation of E/T ratios for the commercia sector is by gas use, which may result in
E/T vaues that are too low for those facilities that use gas for heating processes that
cannot be replaced by CHP heat capture (such as cooking in restaurants, etc.) This
uncertainty has been partially addressed by eliminating sectors with marginal (especially
high) E/T ratios, to reduce the possibility of overstatement. The weighted average of E/T
ratios for the selected commercia and ingtitutional sectorsis 1.18, quite low for
commercia facilities. It should be pointed out too that no steam load matching has been
done in these calculations, which means that the results presented here will be
understated for those facilities with very low E/T ratios.

Both CEC and EDD data relied upon in this report contain roll-ups of certain SIC size
categories, especialy in larger sizes, due to issues of data confidentiality. For the
commercia sector, where there was no reliable database of existing facilities, minimum
electric capacities were assigned to these sites. This results in capacities that are
understated for some commercia SICs.



A B C D F G H [ J K L M N 0 P
4 Calculation for extrapolating MIPD thermal characteristics to all electric CEC data to get industrial potential.
5 elec elec elec elec elec elec Estimated elec elec elec
6 allE/T allE/T all E/T all E/T allE/T allE/T  Capacity all E/T allE/T pot<l1l5
7 all size CEC CECless <250kW >250kW MIPD elec  MIPD all size  <250kw Factor  >250kw >250kW  >250kwW
8 SIC Sector CEC MW Self-Gen Self-Gen CEC MW CEC MW only <1.5 MW>1.5 MIPD MW MIPD MW pct % MIPD MW CEC - MIPD MIPD %
l9U 20-39 All 8,441 544 7,897 19553 5,941.35 1863.1 3,385.40 5248.5 1414  68.00% 3568.0 2373.3 355%
11 20 Food Processing 969.97 34.65 935 15554  779.78 500.93 332.74 833.67 0.666  67.95% 565.99 213.8 60.1%
12 22 Textile Mills 45.69 0.00 46 24.73 20.96 6.14 9.96 16.10 0 73.15% 11.77 9.2 38.1%
13 23 Apparel 180.9 0.00 181  151.01 29.89 131 13.54 14.85 0 26.79% 3.98 25.9 8.8%
14 24 Lumber & Wood 242.17 48.55 194 97.05 96.57 84.28 43.64 127.92 0 51.06% 65.32 313 65.9%
15 25 Furniture & Fixtures 116.81 0.00 117 56.22 60.59 11.95 38.39 50.34 0 3255% 16.39 442  23.7%
16 26 Pulp & Paper 455.7 14.78 441 23.71 417.21 219.14 45.64 264.78 0.133 78.43% 207.57 209.6 82.8%
17 27 Printing & Publishing 178.55 0.27 178 127.93 50.35 6.29 35.20 41.48 0 82.20% 34.10 16.2 15.2%
18 28 Chemicals 523.42 64.55 459 12477  334.10 130.66 270.23 400.89 0.269  81.00% 324.50 9.6 32.6%
19 29 Petroleum Products 883.02  360.09 523 9.98 512,95 638.41 250.24 888.65 0 94.19% 837.02 00 71.8%
20 30 Rubber & Misc. Plastics 361.02 0.00 361 99.24  261.78 30.20 118.67 148.87 0.346  70.78% 105.12 156.7 20.3%
21 31 Leather 7.43 0.00 7 7.43 0.00 0.66 1.12 1.78 0 39.42% 0.70 0.0 36.9%
22 32 Stone, Clay & Glass 473.42 1.00 472 73.23  399.19 29.49 334.88 364.36 0 80.71% 294.06 105.1 8.1%
23 33 Primary Metals 290.92 0.00 291 27.65  263.27 50.88 92.82 143.70 0 65.63% 94.31 169.0 35.4%
24 34 Fabricated Metals 404.67 0.68 404 243.47 160.52 26.41 127.10 153.51 0 53.21% 81.69 78.8 17.2%
25 35 Industrial Machinery 824.74 0.68 824 317.8  506.26 5.78 289.05 294.83 0 40.27% 118.74 387.5 2.0%
26 36 Electronics & Electric 1101.41 4.48 1,097 165.1  931.83 9.69 674.71 684.40 0 56.43% 386.21 545.6 1.4%
27 37 Transportation Equip. 708.26 12,51 696 89.56  606.19 102.17  403.15 505.32 0 51.79% 261.71 3445 20.2%
28 38 Instruments & Products 517.72 0.00 518 112.97  404.75 735 276.31 283.66 0 41.23% 116.96 287.8 2.6%
29 39 Other Manufacturing 155.18 2.13 153 479  105.15 1.35 28.03 29.38 0 42.40% 12.46 92.7 4.6%
30
31 |Total 8441 544.363 7896.637 1955.29 5941.347 1863.0884 3385.4 5248.4914 1.414 3538.5761 2727.53537




Q | R S T U v | w X Y z AA AB AC | AD
4
5 elec elec elec elec e+t e+t e+t e+t e+t Apportion
6 | E/T<1.5 E/T<04 E/T<0.4 E/T<04 E/T<0.4 ratio E/T <0.4 E/T >0.4<1.5 E/T<1.5 E/T <1.5 CEC+MIPD Aggregate Total
7 | >250kwW  >250kW  >250kW >250kW  >250kW  t+e/e >250kwW >250kwW  >250kW MIPD >250kW  SIC pct% Total to each Mkt Potential
8 CEC MIPD MW MIPD %ttl CEC MW MIPD MW MIPD % CEC CEC CEC MW <1.5 CEC+MIPD of Total  SIC--MW by SIC -- MW
9 8425 880.1 47.2% 398.0 3497.3 3.97 15815 4445  2026.0 4480.3 6506.3 n/a n/a 6506.3
10U constarit constari constarit
11 128.5 137.0 27.4% 35.1 573.21 4.18 147.0 93.3 240.3 937.1 1177.4 20.9% 422.9 1,360.0
12 3.5 3.1 50.3% 18 6.92 2.24 3.9 17 57 10.0 15.7 0.3% 5.6 15.6
13 2.3 0.0 0.0% 0.0 0.00 0.00 0.0 2.3 2.3 13 3.6 0.1% 13 2.6
14 20.6 73.9 87.7% 18.0 338.36 4.58 82.7 2.5 85.2 348.8 434.0 7.7% 155.9 504.6
15 10.5 0.9 7.3% 0.8 1.98 2.26 1.7 9.7 11.5 13.1 24.5 0.4% 8.8 219
16 1735 144.7 66.0% 114.6 520.69 3.60 4123 58.9 471.2 595.1 1066.3 18.9% 383.0 978.2
17 2.5 4.2 67.1% 17 9.29 2.20 3.6 0.8 4.4 11.4 15.8 0.3% 5.7 17.0
18 31 54.6 41.8% 13 454.99 8.33 10.9 1.8 12.7 531.0 543.7 9.6% 195.3 726.3
19 0.0 392.2 61.4% 0.0 1312.75 3.35 0.0 0.0 0.0 1558.9 1558.9 27.6% 560.0 2,118.9
20 31.8 8.4 27.7% 8.8 20.99 2.51 22.1 23.0 45.1 42.8 87.9 1.6% 31.6 74.4
21 0.0 0.7 100.0% 0.0 1.07 1.62 0.0 0.0 0.0 11 11 0.0% 0.4 15
22 8.5 20.9 71.0% 6.0 148.52 7.10 42.9 2.5 45.3 157.1 202.4 3.6% 72.7 229.8
23 59.8 7.0 13.7% 8.2 14.88 2.13 17.5 51.6 69.1 58.8 127.9 2.3% 45.9 104.7
24 13.6 14.3 54.2% 7.4 34.45 241 17.7 6.2 23.9 46.5 70.4 1.2% 25.3 71.8
25 7.6 1.0 16.6% 13 3.26 3.40 4.3 6.3 10.6 8.1 18.7 0.3% 6.7 14.8
26 1.7 4.9 50.7% 3.9 19.73 4.02 15.7 3.8 19.5 245 44.0 0.8% 15.8 40.3
27 69.7 10.9 10.7% 7.5 28.77 2.63 19.6 62.2 81.8 120.0 201.8 3.6% 72.5 1925
28 7.5 0.0 0.0% 0.0 0.00 0.00 0.0 7.5 7.5 7.4 14.8 0.3% 53 12.7
29 43 1.4 100.0% 43 7.47 5.52 23.6 0.0 23.6 7.5 31.0 0.6% 11.1 18.6
30
31 554.821  880.072 220.5753 3497.322 825.479 334.2455958 1159.725 4480.338 5640.1 2026.0 6506.3
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SOUTHERN CALIFORNIA

EDISON

An EDISON INTERNATIONAL®™ Company

PriciING OPTIONS

R SCHEDULE GS-2

Who should be on
Schedule GS-2?

Edison’s Schedule GS-2 is

designed primarily for its
medium-sized commercial and industrial
customers. These customers have electri-
cal equipment which creates demands
greater than 20 kilowatts but less than
500 kilowatts. Typical GS-2 customers
include small manufacturing and pro-
cessing firms as well as retail businesses,
churches, service stations, schools,
restaurants, and others.

THE BASIC CHARGES

GS-2 charges are discussed in detail
below, but are basically separated into
three categories:

+ A monthly Customer Charge;

+ An Energy Charge per kilowatthour
(kWh) consumed,;

+ Demand Charges that apply to the
highest demand registered (measured
in kilowatts) within any 15 minute
interval during a billing period.

GS-2 HAS A “BLOCKED-RATE”
ENERGY CHARGE

Schedule GS-2 features a two-tiered
energy charge known as a blocked rate.
It works by charging one rate for the
first block of kilowatthours used, and a
lower rate for all the kilowatthours
used after that, in the second block.

Edison is able to provide this lower
rate because, after a certain point, some
of its fixed costs are recovered and
energy charges can be lowered to the
level of the second tier to reflect lower
costs. Yet to reach the second tier, you
must use 300 kWh for every 1 kW of
demand that you register. The table
below shows an example of how this
formula works.

AN EXAMPLE OF HOw THE

GS-2 BLOCKED ENERGY
CHARGE Is APPLIED

Demand registered

in a billing period 25 kW

Number of kWh

consumed in a

billing period 10,000 kWh

Calculating the

number of kWh 25 kW

in first block X 300 kWh

(normal rate) = 7,500 kWh

Calculating the

number of kWh 10,000 kWh

in second block - 7,500 kWh

(lower rate) = 2,500 kWh

What appears 7,500 kWh billed

on the bill at the normal rate
2,500 kWh billed
at the lower rate

HOW A DEMAND CHARGE DIFFERS
FROM AN ENERGY CHARGE

To understand the difference between
energy and demand charges, imagine
using ten 100-watt light bulbs. The
moment the ten bulbs are turned on,
they place a demand on the power
system for 1,000 watts of electricity (10
bulbs x 100 watts each), or one kilowatt
(kW). In this example, your electric
meter would register 1 kW of demand.

If these light bulbs are left on for ten
hours, they will consume 10,000 watthours
of energy, or 10 kilowatthours (kWh). In
this case, the electric meter would
register 10 kWh of energy.

THE TIME RELATED DEMAND CHARGE

On Schedule GS-2, you are charged for
two kinds of demand: Time Related and
Facilities Related. The Time Related
Demand Charge is applied only during
Edison’s summer season. It is meant to
help recover part of Edison’s higher costs
of transmission and distribution in
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EDISON
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summer months. It is a per kW charge
applied to the greatest amount of demand
created in each summer season month.

THE FACILITIES RELATED DEMAND
CHARGE

The Facilities Related Demand Charge
is also billed on a per kW basis, yet it is
in effect each month of the year. It is
applied to the greatest amount of demand
created in the current month, or 50 per-
cent of the highest demand created in
the previous 11 months, whichever is
more. This method of billing for
demand is called a ratchet. By using
this method the customer pays for the
installed transmission and distribution
facilities required to serve the cus-
tomer’s highest demand during the year.

SEASONS

The summer season begins the first
Sunday in June and continues until the
first Sunday in October of each year. The
winter season is the rest of the year.

OTHER RATE OPTIONS

Customers who are eligible for GS-2 may
also be eligible for other rate options
that could help lower their electric bills.
These include:

+ Time-of-use rate options, which
have differing demand and energy
charges based on the time of day
and season electricity is used.
Charges during the on-peak period
are significantly higher than other
periods (see Schedule TOU-GS-2 at
right). Customers who benefit from
this rate have sufficient energy
usage during the lower priced mid-
and off-peak hours to offset the cost
of the higher priced on-peak usage.

BECOMING ELIGIBLE FOR A
NONDEMAND RATE SCHEDULE

If you register a demand of 20 kW or
less for 12 consecutive months, you will
be eligible to transfer to the nondemand
GS-1 rate schedule.

TOU-GS-2 Summer
First Sunday in June to the first Sunday in October
Mon Tues Wed Thu Fri Sat Sun

8am.
noon
6 p.m.
11 p.m.
8a.m.
TOU-GS-2 Winter
First Sunday in October to the first Sunday in June
Mon Tues Wed Thu Fri Sat Sun
8am.
9p.m.
8 a.m.
On-Peak Mid-Peak Off-Peak
Highest Medium Lower

Energy Cost Energy Cost

Also, the 12-month requirement may
be waived if you make changes in your
operation that permanently reduce your
demand below 20 kW. However, if your
demand exceeds 20 kW within the first
year, the rate change is rescinded and
your account would be rebilled under
the GS-2 rate.

PROCURING POWER FROM
ANOTHER PROVIDER

Customers who choose to procure power
(and possibly other services) from
another provider will still be billed the
GS-2 tariff charges noted above.

The difference will be that customers
will also receive a credit on their bills
for the cost of energy. This credit will
be equal to the average cost of electricity
at the California Power Exchange. In
addition, customers will be accountable
for paying any charges for electricity
and other services that are levied by
their Electric Service Provider.

WHERE TO CALL FOR MORE
INFORMATION

If you have questions about Schedule
GS-2, call 1-800-990-7788, or talk to
your Edison Sales Representative.

534-0298 @

Energy Cost



SOUTHERN CALIFORNIA

EDISON

An EDISON INTERNATIONAL™ Company

PriciING OPTIONS

RATE SCHEDULE TOU-8

Who should be on
Schedule TOU-8?

Schedule TOU-8 is the basic

rate schedule for large-sized
commercial and industrial customers
who register demands greater than 500
kilowatts. These customers include large
manufacturers and processors, super-
markets, and large office buildings.

THE BASIC CHARGES

TOU-8 charges are separated into three
categories:

+ A monthly Customer Charge;

« Energy Charges per kilowatthour
consumed that vary by season and
time of day;

+ Demand Charges that also vary by
season and time of day and apply to
the highest demand (measured in
kilowatts) within specific time periods.

HOW A DEMAND CHARGE DIFFERS
FROM AN ENERGY CHARGE

To understand the difference between
energy and demand charges, imagine
using ten 100-watt light bulbs. The
moment the ten bulbs are turned on,
they place a demand on the power
system for 1,000 watts of electricity
(10 bulbs x 100 watts each), or one
kilowatt (kW). In this example, your
meter would register 1 kW of demand.

If these bulbs are left on for ten hours,
they will consume 10,000 watthours of
energy, or 10 kilowatthours (kWh). In
this case, your meter would register 10
kWh of energy.

11 p.m.

THE TIME-OF-USE PERIODS

Time-of-use schedules such as TOU-8 are
designed to correspond to Edison’s costs
based on the time of day and season
service is being provided. The times are
divided into three periods: on-peak,
mid-peak, and off-peak (see illustra-
tion below). Energy and demand charges
during the on-peak period are higher
than charges in the mid-peak period
and substantially higher than charges in
the off-peak period.

TOU-8 Summer
First Sunday in June to the first Sunday in October
Mon Tues Wed Thu Fri Sat Sun
8a.m.

noon

6 p.m.

TOU-8 Winter
First Sunday in October to the first Sunday in June
Mon Tues Wed Thu Fri  Sat Sun

8a.m.

9 p.m.

8am.
On-Peak Mid-Peak Off-Peak
Highest Medium Lower
Energy Cost Energy Cost Energy Cost

SEASONS

The summer season begins the first Sun-
day in June and continues until the first
Sunday in October of each year. The
winter season is the rest of the year.
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THE TIME RELATED DEMAND CHARGE

On Schedule TOU-8, you are charged for
two kinds of demand: Time Related and
Facilities Related. The Time Related
Demand Charge is applied only during
Edison’s summer season. It is a per kW
charge for the greatest amount of
demand created during the on- and mid-
peak periods in each summer season
month. It is meant to help recover part
of Edison’s higher costs of transmission
and distribution in summer months.

THE FACILITIES RELATED DEMAND
CHARGE

The Facilities Related Demand Charge
is also billed on a per kW basis, yet it is
in effect each month of the year. It is
applied to the greatest amount of demand
created in the current month, or 50 per-
cent of the highest demand created in
the previous 11 months, whichever is
more. This method of billing for demand
is called a ratchet. By using this method
the customer pays for the installed
transmission and distribution facilities
required to serve the customer’s highest
demand during the year.

OTHER RATE OPTIONS

Customers who are eligible for TOU-8
may also be eligible for other rate
options that could help lower their
electric bills. These include:

- Interruptible rate options, which
provide lower energy and demand
charges in exchange for complying
with requests by Edison to interrupt
power usage. These options are
offered on a contract basis and are
available only to existing customers
who are adding new load and to cus-
tomers new to SCE territory who have
connected load of 50 horsepower or
greater, or register a maximum
demand of 50 kW or greater. There
are substantial penalties for failing to
interrupt when asked to do so.

+ Rate Schedule TOU-8-SOP, which
works like TOU-8 but features lower
energy and demand charges for cus-
tomers who use most or all of their
energy during, or can move usage to,
the super-off-peak time period
(see illustrations below).

TOU-8-SOP Summer
First Sunday in July to the first Sunday in October
Mon Tues Wed Thu Fri

Sat Sun

6a.m.

1p.m.
5p.m.

Midnight

6am.

TOU-8-SOP Winter
First Sunday in October to the first Sunday in July
Mon Tues Wed Thu Fri Sat Sun

6 a.m.

Midnight

6a.m.

Mid-Peak
Medium
Energy Cost

On-Peak
Highest
Energy Cost

Lowest

PROCURING POWER FROM
ANOTHER PROVIDER

Customers who choose to procure power
(and possibly other services) from
another provider will still be billed the
TOU-8 tariff charges noted above.

The difference will be that customers
will also receive a credit on their bills
for the cost of energy. This credit will
be equal to the average cost of electricity
at the California Power Exchange. In
addition, customers will be accountable
for paying any charges for electricity
and other services that are levied by
their Electric Service Provider.

WHERE TO CALL FOR MORE
INFORMATION

If you have questions about Schedule
TOU-8, call 1-800-990-7788, or talk to
your Edison Sales Representative.

537-0298 @

Super Off-Peak

Energy Cost
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Southern California Edison Revised Cal. PUC Sheet No. 24761-E

Rosemead, California Cancelling Revised Cal. PUC Sheet No. 24139-E
Schedule S Sheet 1 of 5
STANDBY

APPLICABILITY

Applicable to customers taking service under a regular service rate schedule and where a
part or all of the electrical requirements of the customer can be supplied from a cogeneration or
small power production source which meets the criteria for Qualifying Facility as defined under 18
CFR, Chapter 1, part 292, subpart B of the Federal Energy Regulatory Commission (FERC)
regulations. The cogeneration or small power production source may be connected for: (1) parallel
operation with the service of the Company; or (2) isolated operation with standby or breakdown
service provided by the Company by means of a double-throw switch. This schedule is also
applicable to standby or breakdown service where the entire electrical requirements on the
customer's premises are not regularly supplied by the Company and the generation serving the
customer is (1) not a Qualifying Facility, and (2) not in parallel with the service of the Company.

TERRITORY
Within the entire territory served.

RATES
Per Meter
Standby Charge: Service Voltage Per Month
All kw of Standby Demand, per kW Below 2 kV $6.40
All kW of Standby Demand, per kW 2 kV to 50 kV $6.60
All kW of Standby Demand, per kW Above 50 kV $0.65
Generation Reservation Charge (to be added to Standby Charge)
Applicable to customers newly taking service under this schedule as of May 1,
1996:
All kw of Standby Demand, per kW Below 2 kV $0.37
All kW of Standby Demand, per kW 2 kV to 50 kV $0.36
All kW of Standby Demand, per kW Above 50 kV $0.35

Applicable Schedule Charges (to be added to Standby Charge and Generation Reservation
Charge):

The Facilities Related Component of the Demand Charges designated in the applicable
regular service rate schedule shall be applied to all kW of Facilities Related Billing Demand in the
current month less Standby Demand but in no case applied to a difference less than zero. All other
charges including any minimum charges and provisions of the applicable regular service rate
schedule designated in the Generation Agreement or the Contract for Electric Service shall apply.

For customers served under this schedule whose regular service rate is Schedule TOU-8, the
Standby and Generation Reservation Charges are excluded from the Peak Period and Average
Rate Limiter calculation provided in Schedule TOU-8.

The rate components used for customer billing are determined using the components shown in the
Rate Components Section following the Special Conditions Section.

(Continued)
(To be inserted by utility) Issued by (To be inserted by Cal. PUC)
Advice 1312-E John Fielder Date Filed May 05, 1998
Decision Effective June 14, 1998

CE79-12.DOC Vice President Resolution
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Southern California Edison Revised Cal. PUC Sheet No. 24762-E
Rosemead, California Cancelling Revised Cal. PUC Sheet No. 24140-E
Schedule S Sheet 2 of 5
STANDBY
(Continued)

SPECIAL CONDITIONS

1. Contract: A Contract is required for service under this schedule.

2. Generation Agreement: A Generation Agreement with the customer shall be required for
service under this schedule where the cogeneration or small power production source is
connected for parallel operation with the service of the Company.

3. Standby Demand: The level of standby demand shall be set forth in the Generation
Agreement or Contract for Electric Service. The level of standby demand shall be
determined by the Company and shall be the lower of (a) the nameplate capacity of the
customer's generating facility; or (b) the Company's estimate of the customer's peak demand.

The Company reserves the right to install, at the customer's expense, a demand meter to
measure the customer's demand. The highest recorded demand shall be used to determine
the customer's level of standby demand.

4, Allowance for Maintenance: After a customer has received service under this schedule for a
period of six months, the added demand created by scheduled maintenance outages of the
generating facility will be ignored for purposes of determining the Time Related Component
of the demand charges under the applicable regular service rate schedule in months
acceptable to the Company upon advance notice and subject to prevailing system peak
conditions, subject to the conditions stated herein. Such conditions are that customer
schedule and perform maintenance in accordance with the advance notice, outage duration,
and outage frequency requirements set forth in the Generation Agreement, and following the
period of scheduled maintenance, customer shows, to the satisfaction of the Company, what
part of the recorded maximum demand utilized for billing in any of the months was added
demand due to outage for such scheduled maintenance. This condition is applicable for one
continuous outage per year of up to 30 consecutive days.

The Company may, at its option, require that the customer defer scheduled maintenance. If
scheduled maintenance is deferred, the Company will allow an outage for maintenance at a
later date with allowance for maintenance in accordance herewith. Notice of such deferral, if
required, shall be provided to the customer not less than 60 days prior to customer's
scheduled outage date, except in the event of emergency. The Allowance for Maintenance
applies only to customers served on a rate schedule which has a Time Related Component
within the demand charge.

5. Excess Energy: For parallel connections, the customer may sell power to the Company
under the terms of the Generation Agreement.

(Continued)
(To be inserted by utility) Issued by (To be inserted by Cal. PUC)
Advice 1312-E John Fielder Date Filed May 05, 1998
Decision Effective June 14, 1998

CE79-12.DOC Vice President Resolution
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Rosemead, California Cancelling Original Cal. PUC Sheet No. 24141-E
Schedule S Sheet 3 of 5
STANDBY
(Continued)

SPECIAL CONDITIONS (Continued)

6. Billing: A Customer’s bill is first calculated according to the total rates and conditions above.
The following adjustments are made depending on the option applicable to the customer.

a. Bundled Service Customers receive supply and delivery services solely from Edison.
The Customer’s bill is based on the total rates set forth above. The Power Exchange
(supply) component is equal to the Averaged Power Exchange (PX) Energy Charge
as set forth in Schedule PX.

b. Direct Access Customers purchase energy from an Energy Service Provider and
continue receiving delivery services from Edison. The Averaged PX Energy Charge
is determined as specified for a Bundled Service Customer. The customer’s bill will
be calculated as for a Bundled Service Customer, but the Customer will receive a
credit for the Averaged PX Energy Charge. If the Averaged PX Energy Charge is
greater than the amount of the Bundled Service bill, the minimum bill for a Direct
Access Customer is zero.

C. Hourly PX Pricing Option Customers receive supply and delivery services solely from
Edison. A Customer taking Hourly PX Pricing Option service must have an interval
meter installed at its premise to record hourly usage, since PX Energy Costs change
hourly. If such metering is not currently installed, it shall be installed at the
customer’s expense before Hourly PX Pricing can be provided. Edison’s charges for
such metering are determined as set forth in Rule 2. The bill for a Hourly PX Pricing
Option Customer is determined by calculating the bill as if it were for a Bundled
Service Customer, then crediting the bill by the amount of the Averaged PX Energy
Charge, as determined for Bundled Service and Direct Access Customers, then
adding the hourly PX Energy Cost amount which is determined by multiplying the
hourly energy used in the billing period by the hourly PX Energy Cost determined as
set forth in Section 1 of Schedule PX, and the appropriate hourly Line Loss
Adjustment Factors as set forth in Section 3 of Schedule PX, and the Uncollectibles
expense factor of 1.00313.

7. Generation Charge: The generation charge is calculated based on the total rate less the sum
of: Distribution, Transmission, Public Purpose Programs, Nuclear Decommissioning, and
Fixed Transition Amount (where applicable) charges, the Transmission Revenue Balancing
Account Adjustment (TRBAA), and the Public Utilities Commission Reimbursement Fee.
The Competition Transition Charge (CTC) is calculated residually by subtracting the
Averaged PX Energy Charge calculated as set forth in Schedule PX from the generation
charge (See Rate Components Table).

8. Negotiating of CTC Payment Method: Nothing in this rate schedule prohibits a marketer or
broker from negotiating with Customers the method by which their Customer will pay the

CTC.
(Continued)
(To be inserted by utility) Issued by (To be inserted by Cal. PUC)
Advice 1312-E John Fielder Date Filed May 05, 1998
Decision Effective June 14, 1998
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Rosemead, California Cancelling Cal. PUC Sheet No. -E
Schedule S Sheet 4 of 5
STANDBY
(Continued)

SPECIAL CONDITIONS (Continued)

9. Exemptions under Public Utilities Code, Section 380: “Eligible customers”, as defined in
Public Utilities (P.U.) Code Section 380, who operate a microgeneration facility are exempt
from paying standby charges under this Schedule. An “eligible customer” is defined in P.U.
Code Section 380 as a customer who has installed a microgeneration facility as defined in
P.U. Code Section 331(f) on or after March 31, 1998 if that facility meets all of the following
requirements:

a. Is operated in parallel with SCE’s transmission and distribution system,
b. Is subject to SCE’s Schedule S, Standby, and
C. Is in full compliance with the best available control technology (BACT).

A microgeneration facility is defined in P.U. Code Section 331(f) as “a cogeneration facility of
less than one megawatt.”

Such exemptions shall not exceed a cumulative load of one megawatt (1MW) and shall
expire on June 30, 2000.

(Continued)
(To be inserted by utility) Issued by (To be inserted by Cal. PUC)
Advice 1312-E John Fielder Date Filed May 05, 1998
Decision Effective June 14, 1998

CE79-12.DOC Vice President Resolution
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Schedule S Sheet 5 of 5
STANDBY
(Continued)

RATE COMPONENTS

Rate Components Table
Rate Schedule Summary Trans' | Distrbtn® |  Gen®* NDC® PPPC® TRBAA | PUCRF® Total
Standby Charge - kW
Below2kv 0.3 361 266 6.40
From2kV to50kV 013 374 2.73 6.60
Above50kV 015 0.24 0.26 0.65
Generation Reservation Charge - $/kW
Below2kv  0.00 0.00 037 0.37
From2kV to50kV 0.0 0.00 0.36 0.36
Above50kV  0.00 0.00 035 035

* Trans= Transmission

2 Digtrbtn = Digtribution

3 Gen = Generation

4 Competition Transition Charge (CTC) = Total Generation charge minus Averaged Power Exchange (PX) Energy Charge as set forth in Schedule PX...
5 NDC = Nuclear Decommissioning Charge

5 PPPC = Public Purpose Programs Charge (includes California Alternate Rates for Energy Surcharge and Discount where applicable.)

" TRBAA = Transmission Revenue Balancing Account Adjustment

8 PUCRF = The PUC Reimbursement Feeis described in Schedule RF-E.

9 FTAC = The Fixed Transition Amount Charge is described in Schedule RRB.

(To be inserted by utility) Issued by (To be inserted by Cal. PUC)
Advice 1312-E John Fielder Date Filed May 05, 1998
Decision Effective June 14, 1998

CE79-12.DOC Vice President Resolution




Revised Cal. P.U.C. Sheet No. 16150-E
N Pacific Gas and Electric Company Cancelling Revised Cal. P.U.C. Sheet No. 15974-E
& San Francisco, California

SCHEDULE A-10—MEDIUM GENERAL DEMAND-METERED SERVICE

APPLICABILITY: A customer selecting service on Schedule A-10 after August 15, 1992 must use at least
50,000 kWh per year. Schedule A-10 applies to single-phase and polyphase
alternating-current service (for a description of these terms, see Section D of Rule 2).
This schedule is not available to customers whose maximum demand exceeds 499 kW
for three consecutive months, or to residential or agricultural service for which a
residential or agricultural schedule is applicable.

Under Schedule A-10, there is a limit on the demand (the number of kilowatts (kW)) the
customer may require from the PG&E system. If the customer's demand exceeds

499 kW for three consecutive months, the customer's account will be transferred to
Schedule E-19 or E-20.

The provisions of Schedule S—Standby Service Special Conditions 1 through 7 shall
also apply to customers whose premises are regularly supplied in part (but not in
whole) by electric energy from a nonutility source of supply. These customers will pay
monthly reservation charges as specified under Section 1 of Schedule S in addition to
all applicable Schedule A-10 charges.

TERRITORY: PG&E's entire service territory.
RATES Public Nuclear
Purpose Decom- Total
Transmission Distribution  Programs Generation  missioning FTA Rate

ENERGY CHARGE
(per kWh per month)
Transmission Voltage Level

Summer - - $0.00390 $0.07180 (I)  $0.00040  $0.01305(R) $0.08915

Winter - - $0.00390 $0.05544 (I)  $0.00040  $0.01305(R) $0.07279
Primary Voltage Level

Summer - $0.00508 $0.00345 $0.06713 (I)  $0.00044  $0.01305(R) $0.08915

Winter - $0.00415 $0.00345 $0.05170 (I)  $0.00044  $0.01305(R) $0.07279
Secondary Voltage Level

Summer - $0.00785 $0.00359  $0.06420 (I)  $0.00046  $0.01305(R) $0.08915

Winter - $0.00642 $0.00359  $0.04927 (I)  $0.00046  $0.01305(R) $0.07279

DEMAND CHARGE (per kW
of maximum demand per

month)
Transmission Voltage Level
Summer $0.91 - - $1.04 - - $1.95
Winter $0.21 - - $0.24 - - $0.45
Primary Voltage Level
Summer $1.45 $4.05 - - - - $5.50
Winter $0.44 $1.21 - - - - $1.65
Secondary Voltage Level
Summer $2.11 $4.59 - - - - $6.70
Winter $0.52 $1.13 - - - - $1.65
CUSTOMER CHARGE, - $75.00 - - - - $75.00

per meter per month

TRANSMISSION REVENUE
BALANCING ACCOUNT
ADJUSTMENT RATE

per kWh per Month ($0.00017) - - $0.00017 - - $0.00000
(Continued)
Advice Letter No. 1832-E Issued by Date Filed December 15, 1998
Decision No. 97-09-055 Thomas E. Bottorff Effective January 1, 1999
Vice President and Resolution No.

40057 Rates & Account Services




Revised Cal. P.U.C. Sheet No. 15307-E*
y Pacific Gas and Electric Company Cancelling Revised Cal. P.U.C. Sheet No. 13964-E
& San Francisco, California

RATES: (Cont'd.)

BASIS FOR
DEMAND
CHARGE:

VOLTAGE
DISCOUNTS:

SCHEDULE A-10—MEDIUM GENERAL DEMAND-METERED SERVICE
(Continued)

Generation charge is calculated based on the total rate less the sum of: Distribution,
Transmission, Public Purpose Program, Nuclear Decommissioning, and FTA (where
applicable) charges. CTC is calculated residually by subtracting the PX charge as calculated
in Schedule PX from the generation charge.

The above rate components apply to those customers eligible for the Rate Reduction Bond
Credit. For those ineligible for the credit, the Generation component will be equal to the
Generation component listed above plus the FTA component.

The customer will be billed for demand according to the customer's "maximum demand" each
month. The number of kW used will be recorded over 15-minute intervals; the highest
15-minute average in the month will be the customer's maximum demand.

SPECIAL CASES: (1) If the customer’s maximum demand has exceeded 400 kW for three
consecutive months, 30-minute intervals will be used for averaging. The customer will be
returned to 15-minute intervals when its maximum demand has dropped below 300 kW and
remains there for 12 consecutive months. (2) If the customer's use of energy is intermittent or
subject to violent fluctuations, a 5-minute or 15-minute interval may be used. (3) If the
customer uses welders, the demand charge will be subject to the minimum demand charges
for those welders' ratings, as explained in Section J of Rule 2.

The customer may be eligible for a discount on the charges shown above if the customer
takes delivery of electric energy at primary or transmission voltage.

The voltage discount, if any, will be applied to the Demand Charge.
Discounts are applied in any month as follows:

(1) $1.20 per kW of maximum demand in the summer season (as defined below), and $0.00
per kW of maximum demand in the winter season when service is delivered from a
"single customer substation" or without transformation from PG&E's serving distribution
system at one of the standard primary voltages specified in PG&E's Electric Rule 2,
Section B.1.

(2) $4.75 per kW of maximum demand in the summer season (as defined below), and $1.20
per kW of maximum demand in the winter season when service is without
transformation from PG&E's serving transmission system at one of the standard
transmission voltages specified in PG&E's Electric Rule 2, Section B.1.

PG&E retains the right to change its line voltage at any time. Customers receiving voltage
discounts will get reasonable notice of any impending change. They will then have the option
of taking service at the new voltage (and making whatever changes in their systems are
necessary) or taking service without a voltage discount through transformers supplied by
PG&E.

(Continued)
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POWER FACTOR
ADJUSTMENT:

CONTRACT:

SEASONS:

SCHEDULE A-10—MEDIUM GENERAL DEMAND-METERED SERVICE
(Continued)

When the customer's maximum demand has exceeded 400 kW for three consecutive months
and thereafter until it has fallen below 300 kW for 12 consecutive months, the bill will be
adjusted for weighted monthly average power factor as follows: If the average power factor is
greater than 85 percent, the total monthly bill (including any voltage adjustment but excluding
any taxes) will be reduced by 0.06 percent for each percentage point above 85 percent. If the
average power factor is below 85 percent, the total monthly bill (including any voltage
adjustment but excluding any taxes) will be increased by 0.06 percent for each percentage
point below 85 percent. Such average power factor will be computed (to the nearest whole
percent) from the ratio of lagging reactive kilovolt ampere hours to kilowatt hours consumed in
the month. No power factor correction will be made for any month when the customer's
maximum demand is less than ten percent of the highest such demand in the preceding

11 months.

Power factor adjustments will be assigned to Generation for billing purposes. (N)

For customers who use service for only part of the year, this schedule is available only on an
annual contract.

The summer rate is applicable May 1 through October 31, and the winter rate is applicable
November 1 through April 30. When billing includes use in both the summer and winter
periods, demand and energy charges will be prorated based upon the number of days in each
period.

(L)
(Continued)
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BILLING:

SCHEDULE A-10—MEDIUM GENERAL DEMAND-METERED SERVICE
(Continued)

A customer’s bill is first calculated according to the total rates and conditions above.
The following adjustments are made depending on the option applicable to the
customer.

Bundled Service Customers receive supply and delivery services solely from PG&E.
The customer’s bill is based on the Total Rate set forth above. The Power Exchange
(supply) component is determined by multiplying the average Power Exchange cost for
Schedule A-10 during the last month by the customer’s total usage.

Direct Access Customers purchase energy from an energy service provider and
continue receiving delivery services from PG&E. The Power Exchange component is
determined as specified for a Bundled Service Customer. The bill will be calculated as
for a Bundled Service Customer, but the customer will receive a credit for the Power
Exchange component. If the Power Exchange component is greater than the amount
of the Bundled Service bill, the minimum bill for a Direct Access Customer is zero.

Hourly PX Pricing Option Customers receive supply and delivery services solely
from PG&E. A customer taking Hourly PX Pricing Option service must have an
interval meter installed at its premise to record hourly usage since Power Exchange
costs change hourly. The bill for a Hourly PX Pricing Option Customer is determined
by calculating the bill as if it were a Bundled Service Customer, then crediting the bill
by the amount of the Power Exchange component, as determined for Bundled Service
and Direct Access Customers, then adding the hourly Power Exchange component
which is determined by multiplying the hourly energy used in the billing period by the
hourly cost of energy from the Power Exchange.

~—~~
Z——————-—————— e — — — 7
N

~
~
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SCHEDULE A-10—MEDIUM GENERAL DEMAND-METERED SERVICE

(Continued)

BILLING: Nothing in this rate schedule prohibits a marketer or broker from negotiating with

(Cont'd.) customers the method by which their customer will pay the CTC charge.

RATE Small commercial customers served on this schedule receive a 10 percent credit on

REDUCTION their bill based on the total bill as calculated for Bundled Service Customers, by way of

BOND CREDIT: reduction to CTC. Only customers determined as eligible will receive the credit.
Additionally, customers eligible for the credit are obligated to pay a Fixed Transition
Amount (FTA), also referred to as a Trust Transfer Amount (TTA), as described in
Schedule E-RRB and defined in Preliminary Statement Part AS.

CARE Facilities which meet the eligibility criteria in Rule 19.2 or 19.3 are eligible for a

DISCOUNT: California Alternate Rates for Energy discount under Schedule E-CARE. Customers
will continue to receive the CARE discount through PG&E regardless of energy service
provider. Customers will be billed as described in the BILLING section; and the CARE
discount will be determined before any credit for Direct Access service

BILLING FOR All hourly PX pricing option customers and those direct access customers with interval

CUSTOMERS meters will be billed as described in the Rates section above.

WITHOUT

INTERVAL All bundled service customers and direct access customers without interval meters will

METERS: be billed using the Total Rates listed in the Rates section above. Charges for each

function will be determined by applying the following functional percentages to the total
charge:

Transmission Voltage Level:

Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
3.832% (1) 2.521% 3.576% 89.618% (R) 0.453%
Primary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
3.458% (1) 17.248% 3.576% 75.265% (R) 0.453%
Secondary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
4.488% (1) 21.501% 3.558% 70.000% (R) 0.453%

Generation charge is calculated based on the total charge less the sum of:
Distribution, Transmission, Public Purpose Programs, and Nuclear Decommissioning.
CTC is calculated residually by subtracting the Power Exchange component minus the
amount of the FTA charge (if applicable) as set forth in the Rates section above.

Date Filed
Effective
Resolution No.

Advice Letter No.
Decision No.

1757-E-A October 5, 1998

October 30, 1998

Issued by
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COMMERCIAL/INDUSTRIAL/GENERAL

SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE

CONTENTS:

1. APPLICABILITY:

This rate schedule is divided into the following sections:

Applicability 11. Non-Firm Service Program

Territory 12. Non-Firm Service Rates

Firm Service Rates

Definition Of Service Voltage 13. Contracts

Definition Of Time Periods 14. Billing

Power Factor Adjustments 15. CARE Discount For Nonprofit
Group-Living Facilities

Charges For Transformer Losses 16. Non-firm Bidding Pilot Program

Standard Service Facilities 17. Local Nonfirm Bidding Pilot
Program

9. Special Facilities 18. Optional Optimal Billing Period

Service
10. Arrangements For Visual-Display 19. Billing For Customers Without
Metering Interval Meters

oukwhE

o~

Initial Assignment: A customer is eligible for service under Schedule E-20 if the
customer's maximum demand (as defined below) has exceeded 999 kilowatts for at
least three consecutive months during the most recent 12-month period. If 70 percent
or more of the customer's energy use is for agricultural end-uses, the customer will be
served under an agricultural schedule.

Customer accounts which fail to qualify under these requirements will be evaluated for
transfer to service under a different applicable rate schedule.

The provisions of Schedule S—Standby Service Special Conditions 1 through 7 shall
also apply to customers whose premises are regularly supplied in part (but notin
whole) by electric energy from a nonutility source of supply. These customers will pay
monthly reservation charges as specified under Section 1 of Schedule S, in addition to
all applicable Schedule E-20 charges.

Transfers Off of Schedule E-20: PG&E will review its Schedule E-20 accounts
annually. A customer will be eligible for continued service on Schedule E-20 if its
maximum demand has either: (1) Exceeded 999 kilowatts for at least 5 of the
previous 12 billing months, or (2) Exceeded 999 kilowatts for any 3 consecutive billing
months of the previous 14 billing months. If a customer's demand history fails both of
these tests, PG&E will transfer that customer's account to service under a different
applicable rate schedule, except as specified in the Energy Efficiency Adjustment
provision below.

Assignment of New Customers: If a customer is new and PG&E believes that the
customer's maximum demand will exceed 999 kilowatts and that the customer should
not be served under a time-of-use agricultural schedule, PG&E will serve the
customer's account under Schedule E-20.

(D)
(M
(M
(M

(T
(M

(M

(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

1. APPLICABILITY: Definition of Maximum Demand: Demand will be averaged over 30-minute (L)
(Cont'd.) intervals. “Maximum demand” will be the highest of all the 30-minute averages |
for the billing month. If the customer’s use of electricity is intermittent or |
subject to violent fluctuations, a 5-minute or 15-minute interval may be used |
instead of the 30-minute interval. If the customer has any welding machines, |
the diversified resistance welder load, calculated in accordance with Section J |
of Rule 2, will be considered the maximum demand if it exceeds the maximum |
demand that results from averaging the demand over 30-minute intervals. The |
customer’s maximum-peak-period demand will be the highest of all the 30- |
minute averages for the peak period during the billing month. (See Section 5 for (L)
a definition of “Peak-Period.”)

Standby Demand: For customers for whom Schedule S—Standby Service
Special Conditions 1 through 7 apply, standby demand is the portion of a
customer’s maximum demand in any month caused by nonoperation of the
customer’s alternate source of power, and for which a demand charge is paid
under the regular service schedule.

If the customer imposes standby demand in any month, then the regular service
maximum demand charge will be reduced by the applicable reservation capacity
charge (see Schedule S Special Condition 1).

To qualify for the above reduction in the maximum demand charge, the
customer must, within 30 days of the regular meter-read date, demonstrate to
the satisfaction of PG&E the amount of standby demand in any month. This
may be done by submitting to PG&E a completed Electric Standby Service Log
Sheet (Form 79-726).

Energy Efficiency Adjustment: A customer who implements measures to
improve electrical enerqgy efficiency on or after January 1, 1990, may be eligible
to receive an enerqgy efficiency adjustment. A customer will qualify for an
energy efficiency adjustment if both following conditions are met: (1) the
customer’s service was established prior to January 1, 1990; and (2) the energy
efficiency measures reduce the customer’'s maximum demand to the point that
the customer would no longer be eligible for service under Schedule E-20.

To receive the energy efficiency adjustment, the customer must qualify for and
sign an Agreement for Maximum Demand Adjustment for Energy Efficiency
Measures (Form No. 79-758). The energy efficiency adjustment shall be the
fixed reduction in demand specified in Form 79-758, and shall be added to the
customer’s maximum demand for the sole purpose of determining the
customer’s eligibility for Schedule E-20.

The energy efficiency adjustment specifically does not guarantee the
customer’s continued eligibility for service under Schedule E-20. The energy
efficiency adjustment will not be applied to the customer’s maximum demand
for the purposes of calculating the monthly maximum demand charge.

(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

2. TERRITORY: Schedule E-20 applies everywhere PG&E provides electricity service.
3. FIRM SERVICE RATES:
Nuclear
Public Purpose Decom- Total
SECONDARY (E-20S) Transmission Distribution Programs Generation missioning Rate
Maximum Peak-Period Demand
Summer $2.96 (R) $4.63 - $5.76 (1) - $13.35
Winter - - - - - -
Maximum Part-Peak-Period Demand
Summer $0.82 (R) $1.28 - $1.60 (1) - $3.70
Winter $0.81 (R) $1.27 - $1.57 (1) - $3.65
Maximum Demand
Summer $0.57 (R) $1.66 - $0.32 (1) - $2.55
Winter $0.57 (R) $1.66 - $0.32 (1) - $2.55
Energy Charges (per kWh)
Peak-Period
Summer - $0.01079 $0.00304 $0.07287 $0.00038 $0.08708
Winter - - - - - -
Part-Peak-Period
Summer - $0.00715 $0.00304 $0.04710 $0.00038 $0.05767
Winter - $0.00786 $0.00304 $0.05216 $0.00038 $0.06344
Off-Peak-Period
Summer - $0.00622 $0.00304 $0.04058 $0.00038 $0.05022
Winter - $0.00620 $0.00304 $0.04039 $0.00038 $0.05001
Economic Stimulus Rate Credit
(per kWh) - - - $0.00432 - $0.00432
Average Rate Limiter
(per kWh in summer months) - - - - - $0.13995
Peak Period Rate Limiter
(per kWh in summer months) - - - - - $0.97708
Customer Charge
(per meter per month) - $385.00 - - - $385.00
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

3. FIRM SERVICE RATES:

(Cont'd.)
Nuclear
Public Purpose Decom- Total
PRIMARY (E-20P) Transmission Distribution Programs Generation missioning Rate
Demand Charges (per kW)
Maximum Peak-Period Demand
Summer $1.40 (R) $2.79 - $7.61 (1) - $11.80
Winter - - - - - -
Maximum Part-Peak-Period Demand
Summer $0.31 (R) $0.63 - $1.71 (1) - $2.65
Winter $0.31 (R) $0.63 - $1.71 (1) - $2.65
Maximum Demand
Summer $0.30 (R) $1.05 - $1.20 (1) - $2.55
Winter $0.30 (R) $1.05 - $1.20 (1) - $2.55
Energy Charges (per kwWh)
Peak-Period
Summer - $0.00400 $0.00255 $0.05524 $0.00031 $0.06210
Winter - - - - - -
Part-Peak-Period
Summer - $0.00310 $0.00255 $0.04225 $0.00031 $0.04821
Winter - $0.00362 $0.00255 $0.04976 $0.00031 $0.05624
Off-Peak-Period
Summer - $0.00299 $0.00255 $0.04052 $0.00031 $0.04637
Winter - $0.00304 $0.00255 $0.04129 $0.00031 $0.04719
Economic Stimulus Rate Credit
(per kWh) - - - $0.00432 - $0.00432
Average Rate Limiter
(per kWh in summer months) - - - - - $0.13995
Peak Period Rate Limiter
(per kWh in summer months) - - - - - $0.84876
Customer Charge
(per meter per month) - $310.00 - - - $310.00
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
(Continued)
Advice Letter No. 1860-E Issued by Date Filed April 21, 1999
Decision No. Thomas E. Bottorff Effective May 31, 1999
Vice President Resolution No.

40564 Rates & Account Services




) & Pacific Gas and Electric Company
San Francisco, California

Cancelling

Revised
Revised

Cal. P.U.C. Sheet No.
Cal. P.U.C. Sheet No.

16310-E
15988-E

3. FIRM SERVICE RATES:
(Cont'd.)

COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

Nuclear
Public Purpose Decom- Total
TRANSMISSION (E-20T) Transmission Distribution Programs Generation missioning Rate
Demand Charges (per kW)
Maximum Peak-Period Demand
Summer $1.34 (R) $0.21 - $5.95 (1) - $7.50
Winter - - - - - -
Maximum Part-Peak-Period Demand
Summer $0.11 $0.02 - $0.47 - $0.60
Winter $0.13 (R) $0.02 - $0.60 (1) - $0.75
Maximum Demand
Summer $0.06 $0.08 - $0.21 - $0.35
Winter $0.06 $0.08 - $0.21 - $0.35
Energy Charges (per kwh)
Peak-Period
Summer - $0.00220 $0.00187 $0.05322 $0.00021 $0.05750
Winter - - - - - -
Part-Peak-Period
Summer - $0.00167 $0.00187 $0.03986 $0.00021 $0.04361
Winter - $0.00205 $0.00187 $0.04956 $0.00021 $0.05369
Off-Peak-Period
Summer - $0.00157 $0.00187 $0.03732 $0.00021 $0.04097
Winter - $0.00169 $0.00187 $0.04043 $0.00021 $0.04420
Economic Stimulus Rate Credit
(per kwh) - - - $0.00432 - $0.00432
Average Rate Limiter
(per kWh in summer months) - - - - - -
Peak Period Rate Limiter
(per kWh in summer months) - - - - - $0.55750
Customer Charge
(per meter per month) - $715.00 - - - $715.00
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

3. FIRM Generation charge is calculated based on the total rate less the sum of: Distribution, (N)
SERVICE Transmission, Public Purpose Program, Nuclear Decommissioning, and FTA (where |
RATES: applicable) charges. CTC is calculated residually by subtracting the PX charge as
(Cont'd.) calculated in Schedule PX from the generation charge. (N)

a. TYPES OF CHARGES: The customer's monthly charge for service under (L)

Schedule E-20 is the sum of a customer charge, demand charges, and energy
charges:

L
I
|
- The energy charge is the sum of the energy charges from the peak, partial- |
peak, and off-peak periods less the product of the Economic Stimulus Rate |
Credit and the total energy used during the billing month. The customer |

pays for energy by the kilowatt-hour (kWh), and rates are differentiated |
according to time of day and time of year. |

I

I

I

L

- The monthly charges may be increased or decreased based upon the
power factor. (See Section 6.)

)

—  Thecustomer charge is a flat monthly fee. (

(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

FIRM a. TYPES OF CHARGES: (Cont'd.)

SERVICE

RATES: - Schedule E-20 has three demand charges, a maximum-peak-period- (L)

(Cont'd.) demand charge, a maximum-part-peak-period demand charge, and a |
maximum-demand charge. The maximum-peak-period-demand charge |
per kilowatt applies to the maximum demand during the month's peak |
hours, the maximum-part-peak-demand charge applies to the maximum |
demand during the month's part-peak hours, and the maximum-demand |
charge per kilowatt applies to the maximum demand at any time during the |
month. The bill will include all of these demand charges. (Time periods |
are defined in Section 5.) (L)

- As shown on the rate chart, which set of customer, demand, and energy
charges is paid depends on the voltage at which service is taken. Service
voltages are defined in Section 4 below.

- Please note that the rates in the chart on the preceding page apply only to
firm service. Rates for non-firm service can be found in Section 12 of this
rate schedule. Customers participating in the Nonfirm Bidding Pilot
Program will be billed according to Section 17. Customers participating in m
the Local Nonfirm Bidding Pilot Program will be billed according to ()
Section 18

b. AVERAGE RATE LIMITER (applies to firm service only): If the customer takes
service on Schedule E-20, in either the secondary or primary voltage class, bills
will be controlled by a "rate limiter" during the summer months. The bill will be
reduced if necessary so that the average rate paid for all demand and energy
charges during a summer month does not exceed the rate limiter shown on this
schedule. This provision will not apply if the customer has elected to receive
separate billing for back-up and maintenance service pursuant to Special
Condition 8 of Schedule S.
(N)
Reductions in revenue resulting from application of the average rate limiter will (N)
be reflected as reduced generation amounts for billing purposes.

c. PEAK-PERIOD RATE LIMITER (applies to firm service only): If the customer
takes service on Schedule E-20 at any service voltage level, bills will be
controlled by a "peak-period rate limiter" during the summer months. The bill will
be reduced if necessary so that the average rate paid for all on-peak demand
and energy charges during the peak period in a summer month does not exceed
the peak-period rate limiter shown on this schedule. This provision will not apply
if the customer has elected to receive separate billing for back-up and
maintenance service pursuant to Special Condition 8 of Schedule S.
(N)
Reductions in revenue resulting from application of the peak-period rate (N)
limiter will be reflected as reduced generation amounts for billing purposes.
(L)

(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

4. DEFINITION OF The following defines the three voltage classes of Schedule E-20 rates. Standard (
SERVICE Service Voltages are listed in Rule 2.
VOLTAGE:
a. Secondary: This is the voltage class if the service voltage is less than
2,400 volts or if the definitions of "primary" and "transmission" do not apply to
the service.

b. Primary: This is the voltage class if the customer is served from a "single
customer substation" or without transformation from PG&E's serving
distribution system at one of the standard primary voltages specified in
PG&E's Electric Rule 2, Section B.1.

L
I
I
I
I
I
I
I
I
|
c. Transmission: This is the voltage class if the customer is served without |
transformation at one of the standard transmission voltages specified in |
PG&E's Electric Rule 2, Section B.1. |

I

I

I

I

I

I

I

I

I

I

I

L

5. DEFINITION OF Times of the year and times of the day are defined as follows:
TIME PERIODS:
SUMMER Period A (Service from May 1 through October 31):

Peak: 12:00 noon. to 6:00 p.m. Monday through Friday (except holidays)

Partial-peak: 8:30 a.m. to 12:00 noon AND 6:00 p.m. to 9:30 p.m. Monday through
Friday (except holidays).

Off-peak: 9:30 p.m. to 8:30 a.m. Monday through Friday
All day Saturday, Sunday, and holidays (

WINTER Period B (service from November 1 through April 30):
Partial-Peak:  8:30 a.m. t0 9:30 p.m. Monday through Friday (except holidays).

Off-Peak: 9:30 p.m. to 8:30 a.m. Monday through Friday (except holidays).
All day Saturday, Sunday, and holidays

HOLIDAYS: "Holidays" for the purposes of this rate schedule are New Year's Day,
President's Day, Memorial Day, Independence Day, Labor Day, Veterans Day,
Thanksgiving Day, and Christmas Day. The dates will be those on which the
holidays are legally observed.

CHANGE FROM SUMMER TO WINTER OR WINTER TO SUMMER: When a hilling
month includes both summer and winter days, PG&E will calculate demand charges
as follows. It will consider the applicable maximum demands for the summer and
winter portions of the billing month separately, calculate a demand charge for each,
and then apply the two according to the number of billing days each represents.
NOTE: If the meter is read within one workday o the season changeover date (May 1
or November 1), PG&E will use only the rates and charges from the season having
the greater number of days in the billing month. Workdays are Monday through
Friday, inclusive.

(L)

(Continued)
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COMMERCIAL/INDUSTRIAL/GENERAL

SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE

(Continued)

6. POWER FACTOR The bill will be adjusted based upon the power factor. The power factor is (L)
ADJUSTMENTS: computed from the ratio of lagging reactive kilovolt-ampere-hours to the kilowatt- |
hours consumed in the month. Power factors are rounded to the nearest whole |
percent. |
I
The rates in this rate schedule are based on a power factor of 85 percent. If the |
average power factor is greater than 85 percent, the total monthly bill (excluding |
any taxes) will be reduced by 0.06 percent for each percentage point above |
85 percent. If the average power factor is below 85 percent, the total monthly bill |
(excluding any taxes) will be increased by 0.06 percent for each percentage |
point below 85 percent. (L)
Power factor adjustments will be assigned to generation for billing purposes. (N)
7. CHARGES FOR The demand and energy meter readings used in determining the charges will (L)
TRANSFORMER be adjusted to correct for transformation and line losses in accordance with |
AND LINE Section B.4 of Rule 2. |
LOSSES: |
I
8. STANDARD If PG&E must install any new or additional facilities to provide the customer with |
SERVICE service under Schedule E-20, the customer may have to pay some of the cost. |
FACILITIES: Any advance necessary and any monthly charge for the facilities will be specified |
in a line extension agreement. See Rules 2, 15, and 16 for details. |
I
Facilities installed to serve the customer may be removed when service is |
discontinued. The customer will then have to repay PG&E for all or some of its |
investment in the facilities. Terms and conditions for repayment will be set forth |
in the line extension agreement. |
|
9. SPECIAL PG&E will normally install only those standard facilities it deems necessary to |
FACILITIES: provide service under Schedule E-20. If the customer requests any additional |
facilities, those facilities will be treated as "special facilities" in accordance with |
Section | of Rule 2. (L)
10. ARRANGEMENTS If the customer wishes to have visual-display metering equipment in addition to
FOR VISUAL- the regular metering equipment, and the customer would like PG&E to install
DISPLAY that equipment, the customer must submit a written request to PG&E. PG&E
METERING: will provide and install the equipment within 180 days of receiving the request.
The visual-display metering equipment will be installed near the present
metering equipment. The customer will be responsible for providing the
required space and associated wiring.
PG&E will continue to use the regular metering equipment for billing purposes.
(L)
(Continued)
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(Continued)

11. NON-FIRM As noted, the rates in the chart in Section 3 of this rate schedule apply to firm service
SERVICE only. ("Firm" means service where PG&E provides a "continuous and sufficient supply
PROGRAM: of electricity," as described in Rule 14.) A customer may also elect to receive non-firm
service under Schedule E-20. Customers participating in the Nonfirm Pilot Bidding
Program should refer to Section 17. Customers participating in the Local Nonfirm
Pilot Bidding Program should refer to Section 18.

The Non-firm Service Program is closed to existing customers as of January 1, 1993.
However, if a new customer enters PG&E's service territory or an existing customer
adds load at an existing premises after December 31, 1992, the customer may elect
to participate in the Non-firm Service Program when (1) first taking service with PG&E
(new customers) or (2) the additional load first is operational (existing customers).
The new or existing customer's total load must meet the eligibility criteriain 11.ain
order to participate in the Non-firm Service Program. Customers being served, as of
December 31, 1992, under the Non-firm Service Program may continue to participate
in the Non-firm Service Program.

Pursuant to the terms and conditions of the non-firm contract, PG&E hereby gives
notice that on March 31, 2002, the current non-firm pricing incentive discount is
terminated. The current level of non-firm pricing incentives is frozen through March 31,
2002, pursuant to Public Utilities Code Section 743.1 The California Public Utilities
Commission has determined in PG&E’s Electric Rate Design Window proceeding
(D.97-06-024) that PG&E's non-firm customers should be made aware that at the
conclusion of the statutory period the current non-firm pricing incentive will be
terminated.

After March 31, 2002, non-firm pricing incentives are likely to be based primarily on
market conditions and can be expected to changed significantly. This notice is not
intended to give non-firm customers the impression that non-firm service will be of no
value after March 31, 2002. Instead, this notice is intended to make clear that after
March 31, 2002, the value of non-firm service will likely be evaluated based on market
principles, and will most likely differ from non-firm incentives in effect at present.

A customer who elects to receive non-firm service under Schedule E-20 must
participate in PG&E's Emergency Curtailment Program. A non-firm service customer
may also elect to participate in PG&E's Underfrequency Relay (UFR) Program. ()]

- EMERGENCY CURTAILMENT PROGRAM: Under the Emergency Curtailment
Program, a non-firm service customer may be required to reduce demand to a
designated number of kilowatts (kW), referred to as the customer's contractual
"firm service level." PG&E will make requests for such curtailments from its non-
firm service customers upon notification from the California Independent System m
Operator (ISO) that a systemwide or local operating condition exists which will |
impair the ability of the ISO to meet the demands of PG&E's other customers. |
The ISO is expected to issue load curtailment directives to PG&E in those |
instances where load reductions are necessary in order to maintain systemwide |
operating reserves above the 5 percent level throughout the next operating hour, |
or if such load reductions are the sole remaining measure available in order to |
mitigate transmission overloads in the PG&E area. (T)

(Continued)
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(Continued)

11. NON-FIRM - UNDERFREQUENCY RELAY PROGRAM: Under this program, the customer
SERVICE agrees to be subject at all times to automatic interruptions of service caused by
PROGRAM: an underfrequency relay device that may be installed by PG&E.
(Cont'd.) (D)
I
I
(D)
(M

See Section 13 of this rate schedule below of this rate schedule for a discussion of
contractual length-of-service requirements that may be applied to customers
enrolling in the Non-firm Service Program. Please note that PG&E may require
up to three years' written notice for a change from non-firm to firm service, or for
termination of participation in the Underfrequency Relay Program.

(Continued)

Advice Letter No. 1711-E Issued by Date Filed November 20, 1997
Decision No. Thomas E. Bottorff Effective April 1, 1998
Vice President Resolution No.

40752 Rates & Account Services



Revised Cal. P.U.C. Sheet No. 16428-E
) & Pacific Gas and Electric Company Cancelling Revised Cal. P.U.C. Sheet No. 15354-E
San Francisco, California

COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

11. NON-FIRM a. ELIGIBILITY CRITERIA FOR NON-FIRM SERVICE: To qualify for non-firm service,

SERVICE the customer must have had an average peak-period demand of at least 500 kW
PROGRAM: during each of the last six summer billing months prior to the customer's
(Cont'd.) application for non-firm service. (Average peak-period demand is the total

number of kWh used during the peak-period hours of a billing month divided by
the total number of peak-period hours in the month.) Customers who have not
yet had six months of summer service must demonstrate to PG&E's satisfaction
that they will maintain an average monthly-peak-period demand of 500 kW or
more to qualify for non-firm service.

b. DESIGNATION OF FIRM SERVICE LEVEL.: If a customer takes non-firm service,
the designated number of kW to which the customer must reduce demand
during emergency curtailments is the customer's contractual "firm service level."
This designated firm service level must be at least 500 kW less than the
smallest of the customer's average peak-period demands during the last
six summer billing months prior to the designation.

c. PRE-EMERGENCY CURTAILMENT REQUIREMENTS: A customer may be
requested to curtail, on a pre-emergency basis, up to five times per year. Each
pre-emergency curtailment will last no more than five hours. Customers will be
given at least 30 minutes notice before each curtailment. PG&E will request at
least six pre-emergency curtailments during any rolling three-year period. The
pre-emergency curtailments will be requested subject to the criteria listed in
Section 11.d below.

No pre-emergency curtailments will be called before May 3, 1993.

Customers participating in the Under-Frequency Relay (UFR) Program will be
subject to a maximum of three pre-emergency curtailments per year and to at
least three pre-emergency curtailments during any rolling three-year period.
Automatic UFR operations shall not be included in the annual pre-emergency or
emergency curtailment limit.

No pre-emergency curtailments will be called for any non-firm customer if there
have been two or more emergency or pre-emergency curtailments to date during
the year; unless additional pre-emergency curtailments are necessary to meet
the minimum requirement of six pre-emergency curtailments during a rolling
three-year period.

d. PRE-EMERGENCY CURTAILMENT PROCEDURE: PG&E will notify the
customer by telephone, electronic mail, or other reliable means of
communication. This notification will designate the time by which the customer's
kW demand must be reduced to the customer's contractual firm service level.
The notification will also designate the time when the customer may resume use
of full power.

PG&E may call a pre-emergency curtailment if one of the following criteria are
met:

1) The 9:00 a.m. forecast of temperatures in the Central Valley (the average of
the forecasted temperature in Fresno and Sacramento) exceeds (M
100 degrees Fahrenheit; and PG&E has been informed by the ISO that an |
adjusted 10:00 a.m. forecast of two-hour reserves for that afternoon's peak M
is 12 percent or less; or

(Continued)
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11. NON-FIRM
SERVICE

d.

PROGRAMS:

(Cont'd.)

MORE
(Continued)

PRE-EMERGENCY CURTAILMENT PROCEDURE: (Cont'd.)

2) The 9:00 a.m. forecast of temperatures in the Central Valley exceeds
105 degrees F; or

EMERGENCY CURTAILMENT PROCEDURE: When it becomes necessary for
PG&E to request a curtailment, PG&E will notify the customer by telephone,
electronic mail, or other reliable means of communication. This notification will
designate a time by which the customer's kW demand must be reduced to the
customer's contractual firm service level.

The customer may not resume the use of curtailed power until notified by PG&E
that it may do so or until the customer has curtailed its service for six hours.

LIMIT ON EMERGENCY CURTAILMENTS: A customer will be requested to curtail
demand, under the emergency curtailment program, no more than 30 times per
year and will be given at least 30 minutes notice before each curtailment.
Curtailments will not exceed six hours for any individual interruption or 100 hours
for the entire year.

EMERGENCY-NOTICE PROVISION: If there is an emergency on the PG&E
system, PG&E may ask the customer to curtail the use of electricity on less than
the 30 minute notice allowed for the Non-Firm Service Option. The customer will
be asked to make its best effort to comply. The customer will not be assessed
the noncompliance penalty for failing to comply within the shorter notice period,
but the customer will be assessed this penalty if the regular notice period for the
option passes and the customer still has not curtailed use.

NONCOMPLIANCE PENALTY: If PG&E requests that a non-firm service
customer curtail the use of electricity and the customer fails to do so by the time
specified, the customer must pay a noncompliance penalty. This penalty will be
payable in addition to the regular charges.

The penalty will be calculated by determining the total amount of excess energy
taken during the curtailment period (energy taken in excess of the customer's
firm service level times the duration of the curtailment) and multiplying this total
by the noncompliance penalty (per kWh).

L

(Continued)
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11. NON-FIRM d.

SERVICE
PROGRAMS:
(Cont'd.)

MORE
(Continued)

PRE-EMERGENCY CURTAILMENT PROCEDURE: (Cont'd.)

2) The 9:00 a.m. forecast of temperatures in the Central Valley exceeds
105 degrees F; or

EMERGENCY CURTAILMENT PROCEDURE: When it becomes necessary for
PG&E to request a curtailment, PG&E will notify the customer by telephone,
electronic mail, or other reliable means of communication. This notification will
designate a time by which the customer's kW demand must be reduced to the
customer's contractual firm service level.

The customer may not resume the use of curtailed power until notified by PG&E
thatit may do so or until the customer has curtailed its service for six hours.

LIMIT ON EMERGENCY CURTAILMENTS: A customer will be requested to curtail
demand, under the emergency curtailment program, no more than 30 times per
year and will be given at least 30 minutes notice before each curtailment.
Curtailments will not exceed six hours for any individual interruption or 100 hours
for the entire year.

EMERGENCY-NOTICE PROVISION: If there is an emergency on the PG&E
system, PG&E may ask the customer to curtail the use of electricity on less than
the 30 minute notice allowed for the Non-Firm Service Option. The customer will
be asked to make its best effort to comply. The customer will not be assessed
the noncompliance penalty for failing to comply within the shorter notice period,
but the customer will be assessed this penalty if the regular notice period for the
option passes and the customer still has not curtailed use.

NONCOMPLIANCE PENALTY: If PG&E requests that a non-firm service
customer curtail the use of electricity and the customer fails to do so by the time
specified, the customer must pay a noncompliance penalty. This penalty will be
payable in addition to the regular charges.

The penalty will be calculated by determining the total amount of excess energy
taken during the curtailment period (energy taken in excess of the customer's
firm service level times the duration of the curtailment) and multiplying this total
by the noncompliance penalty (per kWh).

(D)
(D)

(Continued)
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(Continued)

11. NON-FIRM i ADDITIONAL NON-FIRM SERVICE PROVISIONS:
SERVICE
PROGRAM: 1) Required Re-Designations of Firm Service Level: A non-firm service
(Cont'd.) customer must maintain a difference of at least 500 kW between the firm

service level and the average monthly summer peak-period demand. If the
difference is less than 500 kW for any three summer months during any
12-month period, the customer must designate a new firm service level.
This new firm service level must be at least 500 kW below the lowest of the
customer's average peak-period demands for the last six summer billing
months preceding the new designation. If the customer cannot meet this
requirement, PG&E will change the account to firm service.

2) Optional Re-Designations of Firm Service Level: A non-firm service
customer may decrease the firm service level effective with the start of any
billing month, provided the customer gives PG&E at least 30 days' written
notice. The customer may increase the firm service level (or return to full
service) only with PG&E's permission or by giving PG&E three years notice, m
or by giving such notice to PG&E during a one-month period following any |
revisions of the program operating criteria initiated by the 1SO, or during an |
annual contract review period that is provided for between November 1 and |
December 1 each year. The increased firm service level must be such that ()
there is still at least a 500-kW difference between the firm service level and
the lowest average monthly summer peak-period demand. The increased
firm service level will become effective with the first regular reading of the
meter after the customer receives permission from PG&E or at the end of

the three year notice period. If a customer elects to change to firm service, m
they will not be permitted to subsequently return to non-firm status in the m
future.

3) Telephone Line Requirements: Non-firm customers are required to make
available a telephone line and space for a notification printer.
This requirement is in addition to any other equipment requirement which
may apply.

j BILL REDUCTIONS FOR NON-FIRM SERVICE CUSTOMERS:

1) Demand Charges: Reduced peak-period demand charges for curtailable
service shall be applied to the difference between the customer's maximum
demand in the peak-period and its Firm Service Level (but not less than
zero). The peak-period charges for firm service shall be applied to the
peak-period demand less the above difference.

2) Energy Charges: Reduced energy charges for curtailable service shall be
applied to (a-b), where (a) is the number of kilowatt-hours used in the time
period and (b) is the product of the Firm Service Level and the number of
hours in the time period. (a-b) shall not be less than zero.

3) Economic Stimulus Rate Credit: The energy charges described in 11.j.2

shall be reduced by the product of the Economic Stimulus Rate Credit and
(a-b) as calculated in 11.j.2.

(Continued)
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11. NON-FIRM
SERVICE
PROGRAM:
(Cont'd.)

k.

(Continued)

PROVISIONS SPECIFIC TO UFR PROGRAM:

1)

2)

3)

Details on Automatic Interruptions: If a customer is participating in the
UFR program, service to the customer will be automatically interrupted if
the frequency on the PG&E system drops to 59.65 hertz for 20 cycles.
PG&E will install and maintain a digital underfrequency relay and
whatever associated equipment it believes is necessary to carry out such
automatic interruption. Relays and other equipment will remain the
property of PG&E. If more than one relay is required, PG&E will provide
the additional relays as "special facilities," at customer's expense, in
accordance with Section | of Rule 2.

In addition to the underfrequency relay, PG&E may install equipment that
would automatically interrupt service in case of voltage reductions or other
operating conditions.

Metering Requirements for UFR Program: If a customer is participating
in the UFR program under Schedule E-20 in combination with firm or
curtailable-only service, the customer will be required to have a separate
meter for the UFR service. PG&E will provide the meter sets, but the
customer will be responsible for arranging customer's wiring in such a
way that the service for each account can be provided and metered at a
single point. NOTE: Any other additional facilities required for a
combination of curtailable with firm service will be treated as "special
facilities" in accordance with Section | of Rule 2.

Communication Channel for UFR Service: UFR program customers are
required to provide an exclusive communication channel from the PG&E-
provided terminal block at the customer's facility to a PG&E-designated
control center. The communication channel must meet PG&E's
specifications, and must be provided at the customer's expense. PG&E
shall have the right to inspect the communication circuit upon reasonable
notice.

(Continued)
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12. NON-FIRM

COMMERCIAL/INDUSTRIAL/GENERAL

(Continued)

These rates are applicable if the customer elects to take non-firm service. See
SERVICE RATES: Section 11 for an explanation of the non-firm service program and elegibility criteria.

Nuclear
Public Purpose Decom- Total
SECONDARY (E-20S) Transmission Distribution Programs Generation missioning Rate
Demand Charges (per kW)
Maximum Peak-Period Demand
Summer $2.96 (R) $4.63 - ($1.74) (1) - $5.85
Winter - - - - - -
Maximum Part-Peak-Period Demand
Summer $0.82 (R) $1.28 - $1.10 (1) - $3.20
Winter $0.81 (R) $1.27 - $1.07 (1) - $3.15
Maximum Demand
Summer $0.57 (R) $1.66 - $0.32 (1) - $2.55
Winter $0.57 (R) $1.66 - $0.32 (1) - $2.55
Energy Charges (per kwWh)
Peak-Period
Summer - $0.01079 $0.00304 $0.06040 $0.00038 $0.07461
Winter - - - - - -
Part-Peak-Period
Summer - $0.00715 $0.00304 $0.04578 $0.00038 $0.05635
Winter - $0.00786 $0.00304 $0.05084 $0.00038 $0.06212
Off-Peak-Period
Summer - $0.00622 $0.00304 $0.03926 $0.00038 $0.04890
Winter - $0.00620 $0.00304 $0.03907 $0.00038 $0.04869
Economic Stimulus Rate Credit
(per kWh) - - - $0.00432 - $0.00432
UFR Credit (per kWh)
(if applicable) - - - $0.00091 - $0.00091
Noncompliance Penalty
(per kWh per event) - - - $8.40 - $8.40
Noncompliance Penalty
For customers who fully complied with
the previous year's operations
(per kWh per event) - - - $4.20 - $4.20
Nonfirm Customer Charge
(per meter per month) - $385.00 - $190.00 - $575.00
Nonfirm with UFR Customer Charge
(per meter per month) - $385.00 - $200.00 - $585.00
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000

*

See Section 11 for the application of Noncompliance Penalties
are not available for 1992.

. The reduced Noncompliance Penalties
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(Continued)

12. NON-FIRM
SERVICE RATES:
(Cont'd.)
Nuclear
Public Purpose Decom- Total
PRIMARY (E-20P) Transmission Distribution Programs Generation missioning Rate
Demand Charges (per kW)
Maximum Peak-Period Demand
Summer $1.40 (R) $2.79 - $0.11 (1) - $4.30
Winter - - - - - -
Maximum Part-Peak-Period Demand
Summer $0.31 (R) $0.63 - $1.21 (1) - $2.15
Winter $0.31 (R) $0.63 - $1.21 (1) - $2.15
Maximum Demand
Summer $0.30 (R) $1.05 - $1.20 (1) - $2.55
Winter $0.30 (R) $1.05 - $1.20 (1) - $2.55
Energy Charges (per kwWh)
Peak-Period
Summer - $0.00400 $0.00255 $0.04277 $0.00031 $0.04963
Winter - - - - - -
Part-Peak-Period
Summer - $0.00310 $0.00255 $0.04093 $0.00031 $0.04689
Winter - $0.00362 $0.00255 $0.04844 $0.00031 $0.05492
Off-Peak-Period
Summer - $0.00299 $0.00255 $0.03920 $0.00031 $0.04505
Winter - $0.00304 $0.00255 $0.03997 $0.00031 $0.04587
Economic Stimulus Rate Credit
(per kWh) - - - $0.00432 - $0.00432
UFR Credit (per kwh)
(if applicable) - - - $0.00091 - $0.00091
Noncompliance Penalty
(per kWh per event) - - - $8.40 - $8.40
Noncompliance Penalty
For customers who fully complied with
the previous year's operations
(per kWh per event) - - - $4.20 - $4.20
Nonfirm Customer Charge
(per meter per month) - $310.00 - $190.00 - $500.00
Nonfirm with UFR Customer Charge
(per meter per month) - $310.00 - $200.00 - $510.00
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
(Continued)
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12. NON-FIRM
SERVICE RATES:
(Cont'd.)
Nuclear
Public Purpose Decom- Total
TRANSMISSION (E-20T) Transmission Distribution Programs Generation missioning Rate
Demand Charges (per kW)
Maximum Peak-Period Demand
Summer $1.34 (R) $0.21 - ($1.55) (1) - $0.00
Winter - - - - - -
Maximum Part-Peak-Period Demand
Summer $0.11 $0.02 - ($0.03) - $0.10
Winter $0.13 (R) $0.02 - $0.10 (1) - $0.25
Maximum Demand
Summer $0.06 $0.08 - $0.21 - $0.35
Winter $0.06 $0.08 - $0.21 - $0.35
Energy Charges (per kwh)
Peak-Period
Summer - $0.00220 $0.00187 $0.04075 $0.00021 $0.04503
Winter - - - - - -
Part-Peak-Period
Summer - $0.00167 $0.00187 $0.03854 $0.00021 $0.04229
Winter - $0.00205 $0.00187 $0.04824 $0.00021 $0.05237
Off-Peak-Period
Summer - $0.00157 $0.00187 $0.03600 $0.00021 $0.03965
Winter - $0.00169 $0.00187 $0.03911 $0.00021 $0.04288
Economic Stimulus Rate Credit
(per kWh) - - - $0.00432 - $0.00432
UFR Credit (per kwh)
(if applicable) - - - $0.00091 - $0.00091
Noncompliance Penalty
(per kWh per event) - - - $8.40 - $8.40
Noncompliance Penalty
For customers who fully complied with
the previous year's operations
(per kWh per event) - - - $4.20 - $4.20
Nonfirm Customer Charge
(per meter per month) - $715.00 - $190.00 - $905.00
Nonfirm with UFR Customer Charge
(per meter per month) - $715.00 - $200.00 - $915.00
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
(Continued)
Advice Letter No. 1860-E Issued by Date Filed April 21, 1999
Decision No. Thomas E. Bottorff Effective May 31, 1999
Vice President Resolution No.

40568 Rates & Account Services




Revised Cal. P.U.C. Sheet No. 16432-E
) & Pacific Gas and Electric Company Cancelling Revised Cal. P.U.C. Sheet No. 15362-E
San Francisco, California

COMMERCIAL/INDUSTRIAL/GENERAL
SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE
(Continued)

12. NON-FIRM Generation charge is calculated based on the total rate less the sum of:
SERVICE Distribution, Transmission, Public Purpose Program, Nuclear Decommissioning,
RATES: and FTA (where applicable) charges. CTC is calculated residually by subtracting the
(Cont'd.) PX charge as calculated in Schedule PX from the generation charge.

13. CONTRACTS: a. STANDARD SERVICE AGREEMENT: To begin service under Schedule E-20, m

the customer shall be required to sign PG&E’s Electric General Service
Agreement (GSA). The GSA has an initial term of three (3) years. Once the
three-year initial term is over, the agreement will automatically continue in effect
for successive terms of one year each until it is cancelled. Customers may, at
any time, request PG&E to modify the GSA if the service arrangements,
electrical demand requirements, or delivery criteria to its premises change.
However, customers will still be obligated to perform the terms and conditions
outlined in any other agreements that supplement the GSA.

Customer load shall only be served under only one of PG&E’s discount
agreements. These agreements include, but are not limited to, PG&E’s non-
firm service agreement and the long term service options described below.
Customers requesting service under any of these discount agreements shall
be required to sign a supplemental agreement to the GSA.

b. LONG-TERM SERVICE AGREEMENT OPTIONS: Certain customers who would
prefer to contract with PG&E for the supply and delivery of electricity into the
future may qualify for a long term service agreement with PG&E. These
agreements will supplement and be made part of the GSA. Long term service
agreements are intended to attract or retain efficient electric load to PG&E’s
service territory, and were approved in Decision 95-10-033.

(Continued)
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13. CONTRACTS: b. LONG-TERM SERVICE AGREEMENT OPTIONS: (Cont'd.) (M
(Cont'd.)
PG&E shall not be permitted to enter into any long-term service agreements
after June 1, 1999, or after elimination of the Electric Revenue Adjustment
Mechanism (ERAM) and/or the effective date of a decision establishing
Performance Base Ratemaking for the electric operations of PG&E, whichever
occurs first. Any long-term service agreements entered into by PG&E prior to
the end of eligibility for these contracts will be carried out to their completion
dates or termination, whichever occurs first.

Customers may qualify for one of three long term agreements:
Agreement for Attracting Manufacturing Business and Electric Load
Agreement for the Expansion and Retention of Incremental Electric Load
Agreement for Deferral of Construction of Cogeneration Facilities

A general description of these agreements is given below. Specific terms and
conditions for these long-term agreements, as well as their associated rate
discounts, are detailed in the respective CPUC-approved standard form
agreement, or as otherwise provided for in Decision 95-10-033.

1. BUSINESS ATTRACTION AGREEMENT: This agreement is intended
solely for customers who are locating or permanently expanding their
plant facilities and electrical load within PG&E’s service territory. This
agreement provides those customers with a declining discount to be
applied to PG&E's applicable bundled rate as well as a service
connection incentive.

To qualify for this agreement, a customer must: (1) add at least 4,380,000
kWh/year of new load to PG&E’s system, (2) have a designated activity
SIC code between 2000-3999 or not be constrained to locate within
PG&E's service territory, and (3) sign an affidavit stating that the availability
of this agreement is a material factor in its decision to add this load within
PG&E'’s service territory. Qualification under the material factor criterion
will require in part that customer’s monthly electric costs exceeding, on
average, five percent (5%) of its facility’s variable operating costs, unless
this agreement is to be part of a larger state and local government
package to attract its business to California.

Qualifying customers may sign a six- (6) or ten- (10) year agreement. The
declining discount percentages applied to the customer’s applicable rate
schedule will be 20%, 15%, 10% for the six-year agreement, or 20%, 15%,
15%, 10%, 10% for the ten-year agreement. These discounts will be
applied over the first three and five years, respectively, of the agreement’s
term. As an alternative, a customized discount schedule with a net
present value equivalent to the declining discount streams listed above
may be developed by the customer. The availability of the Business
Attraction Agreement is subject to a maximum participation limit of

100 MW, including participation on all PG&E rate schedules.
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13. CONTRACTS: b.
(Cont'd.)

(Continued)

LONG-TERM SERVICE AGREEMENT OPTIONS: (Cont'd.)

2.

BUSINESS EXPANSION AND RETENTION AGREEMENT: This
agreement is intended to attract incremental load or retain existing load
that would, without this agreement, not be able to locate or remain in
PG&E'’s service territory. This agreement is available to PG&E customers
who are choosing between an incremental expansion or retention of their
manufacturing plant in PG&E’s service territory and a comparable,
“similarly situated plant” outside of PG&E's service territory. PG&E's
capital investment to accommodate the customer’s new load under this
agreement must be less than twenty-five thousand dollars ($25,000).

To be eligible for this option, a customer must: (1) add or retain at least
4,380,000 kWh/year of eligible load to PG&E's system, (2) have a
designated activity SIC code between 2000-3999 or not be constrained to
locate within PG&E's service territory, (3) have a similarly situated site that
is competing for the load, and (4) sign an affidavit testifying that the
availability of this agreement is a material factor in the decision to expand
or retain this load at its manufacturing plant in PG&E’s service territory.
Qualification under the material factor criterion will require, in part, that
customer’s monthly electric costs exceed, on average, five percent (5%) of
its facility’s variable operating costs, unless this agreement is to be part of
a larger state and local government package to attract its business to
California. The availability of the Business Expansion and Retention
Agreement is subject to a maximum participation limit of 50 MW, including
participation on all PG&E rate schedules.

Qualifying customers may sign a three- (3) or five- (5) year agreement.
The initial rate for the customer’s eligible load will be equal to the average
comparable utility rate in the geographical area where the similarly
situated plant is located. The initial rate will be escalated annually by the
percent increase, or decrease, of the competing area’s average utility rate.
Discounted rates will be subject to a Discount Floor price, as defined in
Decision 95-10-033.

COGENERATION DEFERRAL AGREEMENT: This agreement is intended
to defer the construction of customer cogeneration facilities which would
uneconomically bypass PG&E's electrical facilities. This agreement is
limited to the deferral of ten megawatts (10 MW) of cogenerated power.

(M

(Continued)

Advice Letter No. 1711-E
Decision No.

40759

Issued by Date Filed November 20, 1997
Thomas E. Bottorff Effective April 1, 1998
Vice President Resolution No.

Rates & Account Services




Revised Cal. P.U.C. Sheet No.

) & Pacific Gas and Electric Company Cancelling Original Cal. P.U.C. Sheet No.
San Francisco, California

16435-E
15365-E

COMMERCIAL/INDUSTRIAL/GENERAL

SCHEDULE E-20—SERVICE TO CUSTOMERS WITH MAXIMUM DEMANDS OF 1,000 KILOWATTS OR MORE

13. CONTRACTS: b.
(Cont'd.)

(Continued)

LONG-TERM SERVICE AGREEMENT OPTIONS: (Cont'd.)

3.

COGENERATION DEFERRAL AGREEMENT: (Cont'd.)

To qualify for this option, a customer must: (1) have sufficient thermal
load to efficiently convert and bypass a minimum of 8,000,000 kWh of
usage at its premise each year, (2) demonstrate to PG&E's satisfaction
its willingness and ability to perform such a bypass, and (3) sign an
affidavit stating that the availability of this agreement is a material factor in
its decision to defer the construction of the cogeneration facilities. Only
the deferral of the construction of cogeneration facilities that PG&E
anticipates will meet state and federal regulatory commission efficiency
standards for a "qualifying facility" will qualify customers for this option.
The Cogeneration Deferral Agreement is subject to a maximum
participation limit of 100 MW including participation on all PG&E rate
schedules.

The cogeneration deferral agreement has a five- (5) year term. The rate
discount for eligible load will determined by a CPUC-authorized discount
matrix. The customer’s discounted initial rate represents the average
electric rate that would be achieved by the customer’s deferred
cogeneration facilities. The initial rate shall be escalated annually by the
percent increases, or decreases, in the cost of natural gas (40%
weighting), and the Consumer Price Index (60% weighting).

In order to qualify for any of these long term agreements:

1)

2)

3)

Customer annual usage will be determined using PG&E's billing data
from the twelve (12) months immediately preceding the date the customer
requests to be considered for service under one of these agreements, if
that data is not available or if the customer’s operation is expected to
significantly change within the next year, PG&E’s estimate of the
customer’s upcoming twelve (12) months of usage;

“New load" is defined as load that has not been served on a regular or
continuous basis from PG&E distribution, transmission or generation
facilities during the twelve (12) months immediately preceding the date the
customer requests;

PG&E shall determine whether or not the discount under these
agreements is a material factor in the customer’s decision to locate, retain,
or expand its load, or defer construction of its cogeneration facility within
PG&E'’s service territory. However, a customer may contest PG&E's
determination by filing a complaint with the CPUC; and

(M
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13. CONTRACTS: b. LONG-TERM SERVICE AGREEMENT OPTIONS: (Cont'd.) (T
(Cont'd.)

4) A customer may be required to provide business operation information that
is relevant to establishing its initial rate level, or verifying its subsequent
rate level. The customer shall be responsible for demonstrating, to
PG&E's satisfaction, the credibility of all business operation information
relevant to establishing or verifying its rate level as it applies to its premise.
Information requirements, if any, are outlined in the long term agreements.
However, if a customer disagrees with PG&E’s conclusion regarding the
credibility of any information provided by the customer, the customer may
contest PG&E’s determining by filing a complaint at the CPUC.

5) If a customer has multiple electrical accounts located on a single premise,
PG&E may, at its discretion, aggregate those accounts for the sole
purpose of qualifying for these agreements. Aggregated account
information shall not be used to create a conjunctively derived bill for the
customer's premise.

6) PG&E may, at is sole discretion, disqualify a customer from participating in
any one of these long-term options if (1) PG&E believes that the costs to
provide adequate transmission and distribution facilities make discounting
to a particular customer uneconomic (that is, the customer specific
marginal costs exceeds the price for the otherwise applicable schedule),
or (2) a customer severely constrains the existing transmission and
distribution system in such a way that that customer's marginal costs in
the future are expected to be above the price that would otherwise result
from the long-term contract option.

All long-term agreement rate discounts apply only to a qualifying customer’s eligible
load. Therefore, a qualifying customer may have an electric rate discount applied to
all or only a portion of its usage at its premise. For the Business Attraction and the
Business Expansion and Retention Agreements, discounts will be applied only to
electric usage in excess of the customer’s prescribed "Base Level" amount. The
Base Level shall be equal to PG&E's estimate of the average annual usage at the
customer's premise if a long-term agreement was not executed.

For the Cogeneration Deferral Agreement, discounts will only be applied to usage
below the customer’s "Foundation Level," which is defined in the agreement itself.

Any portion of the customer’s load that does not qualify for service under these
agreements will be served under this E-20 rate schedule.

All applicable rates, rules, and tariffs shall be remain in force for those customers
who sign a long-term agreement. In the event of a conflict, the terms provided within
the long term agreement shall supersede those set forth in the standard CPUC-
approved tariffs.
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14. BILLING:

(Continued)

A customer’s bill is first calculated according to the total rates and conditions above.
The following adjustments are made depending on the option applicable to the
customer.

Bundled Service Customers receive supply and delivery services solely from PG&E.
The customer’s bill is based on the Total Rate set forth above. The Power Exchange
(supply) component is determined by multiplying the average Power Exchange cost
for Schedule E-20 for each time period during the last month by the customer’s total
usage for each time period.

Direct Access Customers purchase energy from an electric service provider
continue receiving delivery services from PG&E. The Power Exchange component is
determined as specified for a Bundled Service Customer. The bill will be calculated
as for a Bundled Service Customer, but the customer will receive a credit for the
Power Exchange component. If the Power Exchange component is greater than the
amount of the Bundled Service bill, the minimum bill for a Direct Access Customer is
zero.

Hourly PX Pricing Option Customers receive supply and delivery services solely
from PG&E. A customer taking Hourly PX Pricing Option service must have an
interval meter installed at its premise to record hourly usage, since Power Exchange
costs change hourly. The bill for a Hourly PX Pricing Option Customer is determined
by calculating the bill as if it were a Bundled Service Customer, then crediting the bill
by the amount of the Power Exchange component, as determined for Bundled
Service and Direct Access Customers, then adding the hourly Power Exchange
component which is determined by multiplying the hourly energy used in the billing
period by the hourly cost of energy from the Power Exchange.

(M
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(Continued)

14. BILLING: Nothing in this rate schedule prohibits a marketer or broker from negotiating (T
(Cont'd.) with customers the method by which their customer will pay the CTC charge.
15. CARE Facilities which meet the eligibility criteria in Rule 19.2 or 19.3 are eligible for a m
DISCOUNT California Alternate Rates for Energy discount under Schedule E-CARE.
FOR Customers will continue to receive the CARE discount through PG&E
NONPROFIT regardless of energy service provider. Customers will be billed as described in
GROUP-LIVING the BILLING section; and the CARE discount will be determined before any
AND SPECIAL credit for Direct Access service.
EMLOYEE
HOUSING
FACILITIES:
16. NON-FIRM Customers participating in the Voluntary Non-firm Bidding Pilot Program (m
BIDDING PILOT established by Decision No. 92-11-049, must be winning bidders, as
PROGRAM: determined by PG&E, and must sign an Agreement for Voluntary Non-firm
Bidding Pilot Electric Service (Agreement) (Form No. 79-785).
a. Non-firm Bidding Pilot participants will receive a rate reduction
calculated in accordance with the Agreement.
b. PG&E shall from time to time request Non-firm Bidding Pilot
participants to curtail their energy use. All such curtailment requests
will be called in accordance with the Agreement.
17. LOCAL NON- Customers participating in the Local Non-firm Bidding Pilot Program (m
FIRM BIDDING established by Decision No. 93-01-041, must be winning bidders, as
PILOT determined by PG&E, and must sign an Agreement for Voluntary Local Non-firm
PROGRAM: Bidding Pilot Electric Service (Agreement) (Form No. 79-786).

a. Local Non-firm Bidding Pilot participants will receive a rate reduction
calculated in accordance with the Agreement.

b. PG&E shall from time to time request Local Non-firm Bidding Pilot

participants to curtail their energy use. All such curtailment requests
will be called in accordance with the Agreement.
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18. OPTIONAL
OPTIMAL
BILLING
PERIOD
SERVICE:

a.

MORE
(Continued)

Eligibility

On an experimental pilot basis and subject to the availability and installation of
solid state recorder equipment, firm service primary and secondary voltage
customers whose maximum demand exceeds 1,000 kW for three consecutive
billing months may select the “optimal billing period” service on a voluntary as
is in up to two “subject” summer months (subject month is defined as the
month in which the production cycle starts or ends), one at the start and one at
the end of the customer’s high seasonal production cycle. The meter read date
separating the subject month at the start of production, but precedes it at the
end of production) would be redesignated to an alternative read date. In no
event shall any revised billing period exceed 45 days nor less than 15 days.
The summer season average rate limiter must otherwise apply to the subject
month at the start of the customer’s high production cycle, but need not apply to
the subject month at the end of production or the two adjacent months. The
customer would retain the protection of the summer average rate limiter in all
summer months, including the revised subject and adjacent months, where
the rate limiter is imposed before the additional customer charge in

Section 18.c has been included in the calculation. Qualifying customers must
have total summer kWh usage that is at least 2.0 times total winter kWh usage
for the most recent 12 month period from November 1 through October 31.
Customers that discontinue this option may not enroll in this option again for a
period of twelve months.

(M
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18. OPTIONAL b. Customer Notification to PG&E ()]

OPTIMAL

BILLING Upon enrollment, the customer shall notify PG&E of the approximate two

PERIOD months where seasonal production starts and ends. As they occur, the

SERVICE: customer shall notify PG&E of the exact seasonal production start and end

(Cont'd.) dates. Upon notification by the customer of a production start date, PG&E will
wait until the regular read date to verify that the regular subject month bill would
have otherwise invoked the rate limiter. If the rate limiter is invoked for the
summer subject start month, the customer will be billed based on the optimal
meter read dates or the regular scheduled meter read dates, whichever is the
lower bill. Throughout the six month period, customers will receive their regular
bill. Approximately two months after the production start or end date, the
customer will receive a credit, if one should apply, for the optimal billing period.
If a credit does not apply, the customer will not receive additional billing. If the
rate limiter does not otherwise apply, the regular bill based on the old read date
will be issued, and the customer can then request the special optimal bill
option in only one production end date "subject" month. The application of this
billing option to a production end date may occur prior to its application to a
production start date, such as when a customer has more than one high
production cycle. The customer must notify PG&E in writing, via facsimile (fax)
to both the PG&E account representative and PG&E's Customer Accounting
Department, of the production start or end date within two days of the
production start or end date. Customers will receive from PG&E's Customer
Accounting Department a fax receipt verification upon notice of a production
start or end date. PG&E will notify the customer of the regularly scheduled
meter read dates and, upon request, the customer's rate limiter history. The
customer must sign an Optimal Billing Period Service Customer Election Form
(Form No. 79-842).

c. Customer Charge

Upon enrollment, a special customer charge will be assessed in all summer
months to cover the incremental costs of the required solid state recorder, and
special program billing, recruitment, and administrative costs. The customer
charge shall be $130 per meter per summer month for primary and secondary
voltage customers. The customer is obligated to pay this monthly customer
charge upon only while enrolled in this option, but any customer that drops out
may not enroll in this option for a period of twelve months. Customers who
have signed contracts and are awaiting solid state recorders so that they can
participate in the program will not be assessed the special customer charge
until a solid state recorder has been installed.

For billing purposes, the special customer charge for the optional billing period
service shall be assigned to Distribution.
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18. OPTIONAL d. Proration of Charges (M
OPTIMAL
BILLING All applicable customer charges, demand charges or other applicable fixed
PERIOD charges, shall be prorated as specified in Rule 9. As specified in Rule 9,
SERVICE: Sections A and B, the regular billing period will be once each month, and
(Cont'd.) prorations for monthly bills of less than 27 or more than 33 days shall be

calculated on the basis of the number of days in the period in question to the
total number of days in an average month, which shall be taken as 30.4 days.

e. Functional Assignment of Credit

For billing purposes, the optional billing credit will be assigned to Generation.
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19. BILLING All hourly PX pricing option customers and those direct access customers with interval
FOR CUS- meters will be billed as described in the Rates section above.
TOMERS
WITHOUT All bundled service customers and direct access customers without interval meters
INTERVAL will be billed using the Total Rates listed in the Rates section above. Until
METERS: August 1999, charges for each function will be determined by applying the following
functional percentages to the total charge:
Firm Service—Transmission Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
2.973% (R) 4.955% 3.617% 88.050% (1) 0.405%
Firm Service—Primary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
3.790% (R) 14.555% 3.638% 77.579% (1) 0.438%
Firm Service—Secondary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
7.653% (R) 23.825% 3.617% 64.456% (1) 0.449%
Nonfirm Service—Transmission Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Decommissioning
3.763% (R) 6.272% 4.578% 0.512%
Nonfirm Service —Primary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Decommissioning
4.543% (R) 17.442% 4.360% 0.525%
Nonfirm Service —Secondary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Decommissioning
8.991% (R) 27.986% 4.249% 0.528%
Generation charge is calculated based on the total charge less the sum of:
Distribution, Transmission, Public Purpose Programs, and Nuclear
Decommissioning. CTC is calculated residually by subtracting the Power Exchange
component minus the amount of the FTA charge (if applicable) as set forth in the
Rates section above. For nonfirm customers, the Firm Service percentages will be
applied to the customer’s Firm Service Level charges. The nonfirm percentages will
be applied to the nonfirm portion of the customer’s bill.
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SCHEDULE S—STANDBY SERVICE

APPLICABILITY: PG&E will supply electricity and capacity on a standby basis under the terms of this
schedule for customers: (1) whose supply requirements would otherwise be
delivered through PG&E-owned facilities (including Independent System Operator
(1ISO)-controlled transmission facilities) but are regularly and completely provided
through facilities not owned by PG&E; (2) who at times take auxiliary service (by
means of a double-throw switch) from another public utility; (3) who require PG&E to
provide reserve capacity and stand ready at all times to supply electricity on an
irregular or noncontinuous basis; or (4) whose nonutility source of generation does
not qualify under items (1), (2), or (3) above, but who qualify for and elect to receive
back-up service under the provisions of Special Condition 7 below.
Customers whose premises are: (1) supplied only in part by electric energy from a
nonutility source of supply, and who do not qualify for or elect to take back-up service
under the provisions of Special Condition 7, and/or (2) whose regular non-utility
source of supply is subject to an extended outage as defined under Special
Condition 9, will receive service under one of PG&E's other applicable rate schedules.
However, this service will be provided subject to the provisions of Special Conditions 1
through 6 and 8 through 10 below, and reservation charges as specified under
Section 1 will also be applicable.

TERRITORY: PG&E's entire service territory.

RATES:

Nuclear
Public Purpose Decom- Total

1. SECONDARY Transmission Distribution Programs Generation missioning Rate

Reservation Charge $0.95 (R) $1.56 - $0.04 (1) - $2.55

(per kW per month applied to 85

percent of the Reservation Capacity)

Energy Charges (per kwWh)

Peak-Period
Summer - $0.11433 $0.00437 $0.27232 $0.00057 $0.39159
Winter - - - - - —
Part-Peak-Period
Summer - $0.03401 $0.00437 $0.07753 $0.00057 $0.11648
Winter - $0.03004 $0.00437 $0.06793 $0.00057 $0.10291
Off-Peak-Period
Summer - $0.01254 $0.00437 $0.02548 $0.00057 $0.04296
Winter - $0.01602 $0.00437 $0.03393 $0.00057 $0.05489
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000

Nonfirm Credits (per kwWh)

On-Peak Energy - - - $0.01873 - $0.01873
Part-Peak Energy - - - $0.00187 - $0.00187
UFR Credit - - - $0.00091 - $0.00091
Reactive Demand Charge (per kVAR - - - $0.15 - $0.15
of maximum reactive demand)
(Continued)
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SCHEDULE S—STANDBY SERVICE

(Continued)
RATES:
(Cont'd.)
Nuclear
Public Purpose Decom- Total
2. PRIMARY Transmission Distribution Programs Generation missioning Rate
Reservation Charge $0.29 (R) $1.95 - $0.31 () - $2.55
(per kW per month applied to 85
percent of the Reservation Capacity)
Energy Charges (per kwh)
Peak-Period
Summer - $0.00819 $0.35701 $0.00112 $0.36632
Winter - - - - - -
Part-Peak-Period
Summer - - $0.00819 $0.09883 $0.00112 $0.10814
Winter - - $0.00819 $0.08542 $0.00112 $0.09473
Off-Peak-Period
Summer - - $0.00819 $0.02981 $0.00112 $0.03912
Winter - - $0.00819 $0.04065 $0.00112 $0.04996
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
Nonfirm Credits (per kWh)
On-Peak Energy - - - $0.01873 - $0.01873
Part-Peak Energy - - - $0.00187 - $0.00187
UFR Credit - - - $0.00091 - $0.00091
Reactive Demand Charge (per kVAR - - - $0.15 - $0.15
of maximum reactive demand)
(Continued)
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(Continued)
RATES:
(Cont'd.)
Nuclear
Public Purpose Decom- Total
3. TRANSMISSION Transmission Distribution Programs Generation missioning Rate
Reservation Charge $0.35 - - - - $0.35
(per kW per month applied to 85
percent of the Reservation Capacity)
Energy Charges (per kwh)
Peak-Period
Summer $0.00627 (R) $0.07010 $0.00283 $0.22213 (1) $0.00035 $0.30168
Winter - - - - - -
Part-Peak-Period
Summer $0.00124 (R) $0.01383 $0.00283 $0.04129 (1) $0.00035 $0.05954
Winter $0.00148 (R) $0.01658 $0.00283 $0.05012 (1) $0.00035 $0.07136
Off-Peak-Period
Summer $0.00083 (R) $0.00933 $0.00283 $0.02680 (1) $0.00035 $0.04014
Winter $0.00104 (R) $0.01160 $0.00283 $0.03412 (1) $0.00035 $0.04994
Transmission Revenue Balancing
Account Adjustment Rate
per kWh per month ($0.00017) - - $0.00017 - $0.00000
Nonfirm Credits (per kwWh)
On-Peak Energy - - - $0.01873 - $0.01873
Part-Peak Energy - - - $0.00187 - $0.00187
UFR Credit - - - $0.00091 - $0.00091
Reactive Demand Charge (per kVAR - - - $0.15 - $0.15

of maximum reactive demand)

Generation charge is calculated based on the total rate less the sum of: Distribution,
Transmission, Public Purpose Program, Nuclear Decommissioning, and FTA (where
applicable) charges. CTC is calculated residually by subtracting the PX charge as
calculated in Schedule PX from the generation charge.

(Continued)
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SCHEDULE S—STANDBY SERVICE

(Continued)
RATES 4. Meter and Customer Charges:*
(Cont'd.) ($/meter/month)
TOU,
Nonfirm or
Load Profile
Customer Class Customer Meter Charge
Charge
Residential $5.00 $3.90
Agricultural $16.00 $6.00
Small Light and Power
(Reservation Capacity £ 50 kW)
Single Phase Service $8.10 $6.80
PolyPhase Service $12.00 $6.80
Medium Light and Power
(Reservation Capacity > 50 kW and <
500 kW) $75.00 $6.00
Medium Light and Power
(Reservation Capacity 3 500 kW and <
1000 kw)
Transmission $610.00 -
Primary $140.00 -
Secondary $175.00 -
Large Light and Power
(Reservation Capacity 2 1000 kW)
Transmission $715.00 -
Primary $310.00 -
Secondary $385.00 -
NonFirm
Curtailable - $190.00
Interruptible - $200.00
Supplemental Standby Service
Meter Charge - $186.00
* All Meter and Customer charges, except for nonfirm meter charges which are assigned to generation, (N)
are assigned to distribution. (N)
(Continued)
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SCHEDULE S—STANDBY SERVICE

(Continued)
RATES: 5.  TYPES OF CHARGES: The customer's monthly charge for service under
(Cont'd.) Schedule S is the sum of the Reservation, Energy, Customer, and TOU Meter

Charges.

The Reservation Charge, in dollars per kilowatt (kW), applies to the
customer's Reservation Capacity, as defined in Special Condition 1.

The Energy Charge will be either a flat Energy Charge or the sum of the time-
of-use (TOU) Energy Charges times the customer's energy use. The
customer's Standby Agreement (Form 79-285) will specify whether the flat or
TOU Energy Charges apply. All customers whose Reservation Capacity
exceeds 499 kW must pay the TOU energy charges. TOU periods are
defined in Section 7 below. Flat Energy Charges are available only until a
TOU meter can be installed. No flat Energy Charges will be available after
April 30, 1994,

The Customer Charge will be paid monthly by all nonresidential customers.
Residential customers will pay a Customer Charge only in those months
when the Customer Charge exceeds the customer's bill under Schedule S.

The Customer Charge varies by class of service, Reservation Capacity, and
Voltage Level (for customers with Reservation Capacity greater than 499 kW).

The TOU Meter Charge applies to Residential, Agricultural, and Small and
Medium Light and Power customers, with Reservation Capacity less than
500 kW, who chose to have a TOU meter installed. This charge will be paid
in addition to the monthly Customer Charge.

The Nonfirm Meter Charge applies to customers whose Reservation
Capacity is greater than 499 kW and receive service under the nonfirm
service option. This charge will be paid in addition to the monthly customer
charge.

The Load Profile Meter Charge applies to customers electing to receive the m
back-up and maintenance portions of their total service requirements under the
provisions of Special Condition 7. This charge will be paid in addition to the

regular Schedule E-19, Schedule E-20, or Schedule E-26 monthly customer

charge.
(Continued)
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RATES: 6.
(Cont'd.)

*

SCHEDULE S—STANDBY SERVICE

(Continued)
DEFINITION OF SERVICE VOLTAGE: (L)
I
The following defines the three voltage classes of Schedule S rates. Standard |
Service Voltages are listed in Rule 2*. |
I
a. Secondary: This is the voltage class if the service voltage is less than |
2,400 volts or if the definitions of "primary" and "transmission" do not apply |
to the service. |
I
b. Primary: This is the voltage class if the customer is served from a "single |
customer substation” or without transformation from PG&E's serving |
distribution system at one of the standard primary voltages specified in |
PG&E's Electric Rule 2, Section B.1. |
I
c. Transmission: This is the voltage class if the customer is served without |
transformation at one of the standard transmission voltages specified in |
PG&E's Electric Rule 2, Section B.1. (L)

The Standby Reservation Charges for customers who have paid for the total cost
of the service transformers as special facilities under electric Rule 2 are
determined by the voltage at the high side of the service transformer. All other
charges will be billed on the voltage level at the low side of the service
transformer.

PG&E retains the right to change its line voltage at any time, after reasonable
advance notice to any customer affected by the change. The customer then has
the option of changing its system to receive service at the new line voltage or
accepting service at the initial voltage level through transformers supplied by
PG&E.

(L)

The Rules referred to in this rate schedule are part of PG&E's electric tariffs. Copies are available at

PG&E's local offices.

(Continued)
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SCHEDULE S—STANDBY SERVICE
(Continued)

RATES: 7. DEFINITION OF TIME PERIODS:
(Cont'd.)
Times of the year and times of the day are defined as follows:

SUMMER Period A (service from May 1 through October 31):

Peak: 12:00 noon to 6:00 p.m. Monday through Friday (except holidays)
Partial-Peak: 8:30 a.m. to 12:00 noon AND 6:00 p.m. to 9:30 p.m.

Monday through Friday (except holidays)
Off-Peak: 9:30 p.m. to 8:30 a.m. Monday through Friday

All Day Saturday, Sunday, and holidays

WINTER Period B (Service from November 1 through April 30):

Partial-Peak: 8:30 a.m.to 9:30 p.m. Monday through Friday (except holidays)
Off-Peak: 9:30 p.m. to 8:30 a.m. Monday through Friday (except holidays)
All Day Saturday, Sunday and holidays

HOLIDAYS: "Holidays" for the purposes of this rate schedule are New Year's
Day, President's Day, Memorial Day, Independence Day, Labor Day, Veterans
Day, Thanksgiving Day, and Christmas Day. The dates will be those on which
the holidays are legally observed.

8. NONFIRM SERVICE:

A Customer who elects to receive non-firm service under Schedule S must
participate in PG&E's emergency curtailment program. A non-firm service
customer may also elect to participate in PG&E's underfrequency relay (UFR)
and "economic dispatch" programs. Please note that PG&E may require up to
three years' written notice for a change from non-firm to firm service, or for
termination of participation in the underfrequency relay program.

a. ELIGIBILITY: To qualify for non-firm service under Schedule S, the
customer must demonstrate to PG&E's satisfaction that it has at least 500
kW of average peak-period on-site load, whether served by PG&E or by its
own generator.

(Continued)
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SCHEDULE S—STANDBY SERVICE
(Continued)

RATES: 8. NONFIRM SERVICE: (Contd.)
(Cont'd.)
b. PRE-EMERGENCY CURTAILMENT REQUIREMENTS: A customer may be
requested to curtail, on a pre-emergency basis, up to five times per year.
Each pre-emergency curtailment will last no more than five hours.

Customers will be given at least 30 minutes notice before each curtailment.

PG&E will request at least six pre-emergency curtailments during any

rolling three-year period. The pre-emergency curtailments will be

requested subject to the criteria listed in Section 8.d below. ()]

Customers participating in the Under-Frequency Relay (UFR) Program will
be subject to a maximum of three pre-emergency curtailments per year and
to at least three pre-emergency curtailments during any rolling three-year
period. Automatic UFR operations shall not be included in annual pre-
emergency or emergency curtailment limits.

No pre-emergency curtailments will be called for any non-firm customer if
there have been two or more emergency or pre-emergency curtailments to
date during the year; unless additional pre-emergency curtailments are
necessary to meet the minimum requirement of six pre-emergency
curtailments during a rolling three-year period.

c. PRE-EMERGENCY CURTAILMENT PROCEDURE: PG&E will notify the
customer by telephone, electronic mail, or other reliable means of
communication. This notification will designate the time by which the
customer's kKW demand must be completely curtailed.

d. EMERGENCY CURTAILMENT PROCEDURE: When it becomes necessary
for PG&E to request a curtailment, PG&E will notify the customer by
telephone, electronic mail, or other reliable means of communication. This
notification will designate a time by which the customer's kW demand must
be completely curtailed.

The customer may not resume the use of curtailed power until notified by
PG&E that it may do so or until the customer has curtailed its service for six
hours.

e. LIMIT ON EMERGENCY CURTAILMENTS: A customer will be requested to
curtail demand, under the emergency curtailment program, no more than
30 times per year and will be given at least 30 minutes notice before each
curtailment. Curtailments will not exceed six hours for any individual
interruption or 100 hours for the entire year.

(Continued)
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RATES:
(Cont'd.)

SCHEDULE S—STANDBY SERVICE
(Continued)

8. NONFIRM SERVICE: (Cont'd.)

f.

EMERGENCY-NOTICE PROVISION: If there is an emergency on the PG&E
system, PG&E may ask the customer to curtail the use of electricity on less
than the 30 minute notice allowed for the non-firm service option. The
customer will be asked to make its best effort to comply. The customer will
not be assessed the noncompliance penalty for failing to comply within the
shorter notice period, but the customer will be assessed this penalty if the
regular notice period for the option passes and the customer still has not
curtailed use.

NONCOMPLIANCE PENALTY: If PG&E requests that a non-firm service
customer curtail the use of electricity and the customer fails to do so by the
time specified, the customer must pay a noncompliance penalty. This
penalty will be payable in addition to the regular charges.

The penalty will be calculated by determining the total amount of energy
taken during the curtailment period and multiplying this total by $8.40 per
kWh, subject to a 200 percent annual cap on the total penalty as described
below.

In any given calendar year, the noncompliance penalties may not exceed
200 percent of the annual incentive level. The noncompliance penalty limit
is equal to twice the annual incentive paid (the difference between what the
customer would have paid on firm service rates less the customer's bill on
nonfirm rates excluding noncompliance penalties). If a customer's total
noncompliance penalties in any given year exceed the noncompliance
penalty limit, PG&E shall bill the customer a noncompliance penalty equal
to the noncompliance penalty limit.

TELEPHONE LINE REQUIREMENTS: Non-firm customers are required to
make available a telephone line and space for a notification printer. This
requirement is in addition to any other equipment requirement which may

apply.

COMMUNICATION CHANNEL FOR UFR SERVICE: UFR program
customers are required to provide an exclusive communication channel
from the PG&E-provided terminal block at the customer's facility to a PG&E-
designated control center. The communication channel must meet PG&E's
specifications, and must be provided at the customer's expense. PG&E
shall have the right to inspect the communication circuit upon reasonable
notice.

BILL REDUCTIONS FOR NON-FIRM SERVICE CUSTOMERS: If a customer
elects this Schedule S service option, the credits shown under Section 2 of
this Schedule will apply to all usage during the on-peak and part- peak
billing period. Should the customer also elect service under an
underfrequency relay (UFR option), the additional credit shown for
underfrequency relay service shall apply to all energy usage.

(Continued)
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SCHEDULE S—STANDBY SERVICE
(Continued)

SPECIAL 1. RESERVATION CAPACITY: The Reservation Capacity to be used for billing

CONDITIONS: under the above rates shall be as set forth in the customer's contract for service.
For new or revised contracts, the Reservation Capacity shall be determined by
the customer. However, if the customer's standby demand exceeds this
contracted capacity in any billing month, that standby demand shall become the
new Reservation or Contract Capacity for 36 months, beginning with that month.
See Special Condition 8 for the definition of Reservation Capacity for
Supplemental Standby Service customers.

2. REACTIVE DEMAND CHARGE: When the customer's plant (or other source) is
operated in parallel with PG&E's system, the customer will design and operate
its facilities so that the reactive current requirements of the portion of the
customer's load supplied from the customer's plant (or other source) are not
supplied at any time from PG&E's system. If the customer places a reactive
demand on PG&E's system in any month in excess of 0.1 kilovolt-ampere
reactive (kVAR) per kW of Reservation Capacity, then a Reactive Demand Charge
will be added to the customer's standby bill, except as specified below for
customers operating synchronous generators under net sales contracts. This
additional charge will be equal to the largest measured number of kVAR created
by the generator during any time of its past operation times the current Reactive
Demand Charge. This Reactive Demand Charge will be subsequently applied
to the customer's monthly bill until the customer demonstrates to PG&E's
satisfaction that adequate correction has been provided.

For customers operating synchronous generators under net sale contracts,
reactive demand in excess of 0.1 kVAR per kW of station generation capability
will be used in determining applicability of the Reactive Demand Charge, rather
than customer current Reservation Capacity.

3. REDUCED CUSTOMER CHARGE: Standby customers whose Reservation
Capacity is less than 500 kW may qualify for a reduced Customer Charge. The
following monthly Customer Charges apply to customers who own or pay
special facilities charges pursuant to Rule 21 for all of the interconnection
facilities in place for PG&E to provide service to them:

Small Light and Power $6.60
(Reservation Capacity £ 50 kW)

Medium Light and Power $56.60
(Reservation Capacity > 50 kW and < 500 kW)

Medium Light and Power $56.60

(Reservation Capacity > 500 kW and < 1000 kwW
served at primary and secondary voltages)

(Continued)
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SCHEDULE S—STANDBY SERVICE

(Continued)
SPECIAL 4., PARALLEL OPERATION: Any customer may operate its generating plant in
CONDITIONS: parallel with PG&E's system if the customer's plant is constructed and operated
(Contd.) in accordance with Rule 21. However, a customer who operates its plant in
parallel must assume responsibility for protecting PG&E and other parties from
damage resulting from negligent operation of the customer's facilities. m

Customers may be required to meet requirements imposed by other governing |
entities having jurisdiction over PG&E's transmission lines including the 1ISO and |
the Western Systems Coordinating Council. The customer shall provide, own, M
install, and maintain all facilities necessary to accommodate any metering

equipment specified by PG&E. Meters shall not allow reverse registration.

5. CONTRACT: This schedule is applicable only on a one-year contract
(Form No. 79-285). Once the initial one-year term is over, the contract will
automatically continue in effect for successive terms of one year each until it is
cancelled. Either party may cancel the contract by giving written notice not less
than 30 days prior to the end of the current term. If the customer at any time
increases the capacity of a load connected to its plant (or other source), the
customer shall promptly notify PG&E. Any revision to the Reservation Capacity
shall then be redetermined to be applicable beginning in the month in which
such increase occurs.

6. LIMITATION ON RESERVATION CAPACITY SERVED: Standby service to new or
increased loads is limited to PG&E's ability to serve such loads without
jeopardizing service to existing customers on rate schedules for firm service,
including standby service. If standby service to any load or combination of loads
is refused by PG&E, PG&E shall notify the California Public Utilities Commission
(Commission) in writing. Standby service will require a special contract which
shall be subject to approval of the Commission in the following cases:

a. Reservation Capacity exceeds 100,000 kW per account;

b. The combined Reservation Capacity for two or more customers whose
other power source is a single, nonutility plant, exceeds 100,000 kW,

C. The service is of an unusual character, as determined by PG&E.

(Continued)

Advice Letter No. 1812-E-A Issued by Date Filed January 28, 1999
Decision No. Thomas E. Bottorff Effective November 21, 1998
Vice President Resolution No.

40250 x Rates & Account Services




Revised Cal. P.U.C. Sheet No. 16204-E

) & Pacific Gas and Electric Company Cancelling Revised Cal. P.U.C. Sheet No. 15427-E
San Francisco, California

SPECIAL
CONDITIONS:
(Contd.)

SCHEDULE S—STANDBY SERVICE
(Continued)

7. SUPPLEMENTAL STANDBY SERVICE (BACKUP REQUIREMENTS): (T

a.

Schedule E-19, Schedule E-20 or Schedule E-25 customers whose
nonutility source of generation does not reqularly supply all the power
necessary at their premises may elect to receive the back-up portion of their
total service requirement under Schedule S if 1) the rated capacity of the
customer's on-site generator is at least 50 percent of the customer's
maximum kW demand, and 2) load profile recorders are installed to
separately to meter the net on-site generation and the on-site load.
Supplemental standby service will be available to all Schedule E-19 or
Schedule E-20 customers whose nonutility source of generation does not
regularly supply all the power necessary at their premises, if load profile
recorders are installed to separately to meter the net on-site generation and
the on-site load, effective May 1, 1994. If the customer elects instead to
receive all of their service under Schedule E-19 or E-20, however, Special (M
Conditions 1 through 6 of this Schedule will apply to the back-up portion of
their load, with a Reservation capacity as determined by the net capacity of
the on-site generation.

Supplemental standby service requires the installation of a load profile
recorder. PG&E will install load profile recorders, subject to meter
availability. The customer shall provide, install, own, and maintain all
facilities necessary to accommodate metering equipment specified by
PG&E. An additional charge applies for Supplemental Standby Service. A
Supplemental Standby Service Meter Charge will be added to the standby
customers bill in addition to the TOU Energy Charges for back-up
requirements, specified in the Rates Section. Supplemental standby
service customers will also pay the appropriate rate Schedule E-19 or E-20
charges, including the Customer Charge, for their supplemental power
use.

(Continued)
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SCHEDULE S—STANDBY SERVICE
(Continued)

SPECIAL 7. SUPPLEMENTAL STANDBY SERVICE (BACKUP REQUIREMENTS): (Contd.) (T)
CONDITIONS:
(Contd.) C. Back-up requirements are the portion of the customer's maximum demand

and energy usage in any billing month caused by the nonoperation of the
customer's alternative source of power. The customer's Reservation
Capacity shall be determined by the net capacity of the customer's on-site
generation, calculated as the average gross continuous full load capability
of the generator during the hours between 10:00 a.m. and 8:00 p.m. of the
winter part-peak period, less all auxiliary loads. During the winter season,
supplemental loads are any on-site loads in excess of the Reservation
Capacity.

During the summer season, supplemental loads are any on-site loads in
excess of the Reservation Capacity, minus the customer's Summer
Season Operating Capacity Adjustment. The customer's Summer Season
Operating Capacity Adjustment shall be calculated as the difference
between the average gross continuous full load capability during the hours
between 10:00 a.m. and 8:00 p.m. of the winter part-peak period and the
average gross continuous full load capability during the same hours of the
summer season. The customer's Reservation Capacity and Summer
Season Operating Capacity Adjustment are both subject to annual revision
based upon review of recorded operating data for the customer's
generation. Back-up requirements will be billed under Schedule S, while
supplemental loads will be billed under the provisions of the customer's
otherwise applicable rate schedule.

The customer's metered reactive power usage will be prorated for the

purpose of assigning such usage separately to the customer's bills for

backup power and for supplemental power. In particular, a single Power

Factor Adjustment (as specified under Special Condition 8) will be ()
calculated based on the ratio of all kWh and kVAh used, and then applied

separately to the customer's bills for backup and supplemental power. The
Reactive Demand Charge (see Special Condition 2) will be calculated by

multiplying the customer's maximum measured reactive demand by the

ratio of the current Reservation Capacity and the customer's maximum total

kW of backup and supplemental load.

(Continued)
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SPECIAL
CONDITIONS:
(Contd.)

10.

SCHEDULE S—STANDBY SERVICE
(Continued)

POWER FACTOR ADJUSTMENT: When the customer's Reservation Capacity is
greater than 400 kW, the bill will be adjusted based on the power factor. The
power factor is derived from the ratio of kWh to kVAh consumed in the month.
Power factors are averaged and rounded to the nearest whole percent.

The rates in this rate schedule are based on a power factor of 85 percent. If the
average power factor is greater than 85 percent, the total monthly bill, excluding
any taxes will be reduced by 0.06 percent for each percentage point above 85
percent. If the average power factor is less than 85 percent, the total monthly bill,
excluding any taxes will be increased by 0.06 percent for each percentage point
below 85 percent.

The power factor adjustment will be assigned to generation for billing purposes.

The customer shall pay only the greater of the power factor adjustment and the
reactive demand charge.

Generators for which 1SO standards apply must also meet power factor
requirements specified in the ISO tariff.

EXTENDED OUTAGES: If a customer's generation equipment or alternative
supply source is subject to an extended outage, and this outage is expected to
persist for at least one complete regular billing cycle, the customer may request
alternate billing under the terms of that otherwise-applicable, demand-metered
regular service tariff indicated by the customer's current reservation capacity, by
providing formal written notification to PG&E. Billing under the indicated
otherwise-applicable schedule would begin with the customer's first regular
meter read date after the beginning of the outage. After PG&E is notified that the
generation equipment has been returned to service, billing under Schedule S will
resume as of the last regular meter read date that has preceded resolution of the
outage. Inthe interim, reservation charges as specified under Section 1 of this
tariff would continue to apply to the customer's bill, in addition to all charges from
the indicated otherwise-applicable tariff.

NON-TIME-OF-USE METERING: In those cases where PG&E deems it is not
cost-effective to install a time-of-use (TOU) meter, PG&E will estimate the
customer’s kWh usage for each TOU period, and apply all TOU charges to the
estimated kWh usage by TOU period. PG&E will estimate the customer’s total
kWh usage in the billing period to kWh usage within each TOU period based on
a percentage breakdown using the ratio of the number of hours in each TOU
period to total hours in the billing period.
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BILLING:

SCHEDULE S—STANDBY SERVICE
(Continued)

A customer’s bill is first calculated according to the total rates and conditions above.
The following adjustments are made depending on the option applicable to the
customer.

Bundled Service Customers receive supply and delivery service solely from PG&E.
The customer’s bill is based on the Total Rate set forth above. The Power Exchange
(supply) component is determined by multiplying the average Power Exchange cost for
Schedule S for each time period during the last month by the customer’s total usage
for each time period.

Direct Access Customers purchase energy from an energy service provider and
continue receiving delivery services from PG&E. The Power Exchange component will
be determined as specified for a Bundled Service Customer. The bill will be
calculated as for a Bundled Service Customer, but the customer will receive a credit
for the Power Exchange component. If the Power Exchange component is greater
than the amount of the Bundled Service bill, the minimum bill for a Direct Access
Customer is zero.

Hourly PX Pricing Option Customers receive supply and delivery service solely from
PG&E. A customer taking Hourly PX Pricing Option service must have an interval
meter to record hourly usage since Power Exchange costs change hourly. The bill for
a Hourly PX Pricing Option Customer is determined by calculating the bill as if it were
a Bundled Service Customer, then crediting the bill by the amount of the Power
Exchange component, as determined for Bundled Service and Direct Access
Customers, then adding the hourly Power Exchange component which is determined
by multiplying the hourly energy used in the billing period by the cost of energy from the
Power Exchange.

Nothing in this rate schedule prohibits a marketer or broker from negotiating with
customers the method by which their customer will pay the CTC charge.
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SCHEDULE S—STANDBY SERVICE

(Continued)
BILLING FOR All hourly PX pricing option customers and those direct access customers with interval
CUSTOMERS meters will be billed as described in the Rates section above.
WITHOUT
INTERVAL All bundled service customers and direct access customers without interval meters
METERS: will be billed using the Total Rates listed in the Rates section above. Until
August 1999, charges for each function will be determined by applying the following
functional percentages to the total charge:
Transmission Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
13.093% (R) 23.593% 3.687% 59.174% (I) 0.453%
Primary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
7.200% (R) 51.172% 3.313% 37.862% (I) 0.453%
Secondary Voltage Level:
Public Purpose Nuclear
Transmission Distribution Programs Generation Decommissioning
6.964% (R) 36.361% 3.476% 52.746% (1) 0.453%
Generation charge is calculated based on the total charge less the sum of:
Distribution, Transmission, Public Purpose Programs and Nuclear
Decommissioning. CTC is calculated residually by subtracting the Power Exchange
component minus the amount of the FTA charge (if applicable) as set forth in the
Rates section above.
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